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1.0  INTRODUCTION 


This  semiannual  bioventing  report  presents  information  gathered  from  operation  and  maintenance 
(O&M)  activities  performed  by  Bechtel  Environmental,  Inc.  (BEI)  on  the  bioventing  systems  at 
Loring  Air  Force  Base  (AFB),  Maine.  Work  was  conducted  under  Contract  No.  F41624-94-D- 
8072,  Delivery  Order  0005,  for  the  Air  Force  Center  for  Environmental  Excellence  (AFCEE). 

This  report  covers  the  of  O&M  activities  at  16  bioventing  systems  from  August  1  through 
December  31,  1997.  Table  1-1  briefly  summarizes  operations  at  each  bioventing  site,  including 
the  number  of  air  injection  wells  (AIWs),  monitoring  points  (MPs),  and  oxygen  sensors. 

Table  1-1  also  includes  the  oxygen  utilization  rate  ranges  determined  from  field  tests  performed 
during  the  summer  and  fall  1996  and  spring  and  fall  1997  respiration  tests  at  each  site. 

The  objective  of  this  report  is  to  present  operations  data  and  an  evaluation  of  bioventing  system 
performance,  including  site  status,  problems  identified,  and  recommendations.  Operations 
guidance,  summarized  in  Figure  1-1,  facilitates  identification  of  required  system  changes  during 
normal  operations  and  when  remediation  is  nearing  completion. 

A  pilot-scale  treatability  study  at  the  Base  Exchange  Service  Station  (BXSS)  indicated  that 
bioventing  was  a  viable  remedial  technology  (Earth  Tech  1995)  for  petroleum-contaminated  soils  at 
Loring  AFB.  The  BXSS  treatability  study  report  presented  preliminary  information  and  established 
basic  design  parameters.  Based  on  the  BXSS  treatability  study,  bioventing  was  selected  as  the 
preferred  removal  action  treatment  technology  at  16  sites  in  5  operable  units  (OUs)  at  Loring  AFB. 
Bioventing  systems  were  installed  and  started  at  four  sites  in  the  fall  of  1995: 

•  Former  Jet  Engine  Test  Cell  (FJETC) 

•  Fire  Training  Area  (FTA) 

•  Power  Plant  Drainage  Pipe  (PPDP) 

•  Vehicle  Maintenance  Building  (VMB) 

These  four  units  were  turned  over  to  AFCEE  on  February  1,  1996,  with  BEI  performing  O&M. 

At  the  same  time,  BEI  also  took  over  O&M  for  the  BXSS  site,  which  had  been  operating  since 
the  fall  of  1993.  The  U.S.  Army  Corps  of  Engineers  (COE)  installed  additional  MPs  and  AIWs 
and  made  system  modifications  at  the  BXSS  site  during  the  summer  and  fall  of  1996. 

The  other  1 1  sites  were  constructed  and  began  operation  in  the  fall  of  1996.  BEI  began 
performing  O&M  for  these  units  on  December  1,  1996.  These  1 1  sites  are: 

•  Auto  Hobby  Shop  (AHS) 

•  Entomology  Shop  (ES) 

•  Fuel  Tank  Farm  (FTF) 

•  Nose  Dock  Areas  (NDA)  1  through  8 

An  additional  bioventing  system  constructed  at  the  FTF  (designated  FTF  II)  during  June  through 
August  1997  began  operation  on  August  28,  1997.  The  installation  documentation  (e.g.,  geologic 
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Table  1-1 

Biovent  System  Summary 


Total 


Number  of 

Number 

Number  of 

operation 

O2  utilization  rate 

Site 

AIWs 

of  MPs2 

O2  sensors2 

(days)5 

%/hr4 

AHS 

19 

20 

5 

406 

0.01-7.5 

BXSS 

7 

12 

0 

659 

0.08-1.3 

ES 

7 

13 

1 

443 

0.01 

FJETC 

131 

8 

1 

522 

0.31-0.72 

FTA 

16 

38 

1 

648 

0.04-1.45 

FTF 

20 

15 

4 

188 

0.4-0.77 

ftf  n 

37 

17 

7 

79 

1.4-2. 8 

NDA-1 

24 

10 

1 

443 

0.13-5.1 

NDA-2 

23 

10 

1 

398 

0.7 

NDA-3 

21 

5 

1 

438 

not  tested3 

NDA-4 

36 

15 

1 

364 

0.05-0.77 

NDA-5 

29 

7 

1 

363 

0.05-7.2 

NDA-6 

4 

4 

2 

428 

0.1 

NDA-7 

4 

2 

I 

432 

not  tested5 

NDA-8 

23 

3 

1 

328 

not  tested5 

PPDP 

18 

24 

1 

621 

0.07-1.7 

;Two  wells  which  never  registered  any  flow  were  replaced  in  July  1 997. 

^Number  of  MPs  represents  the  total  number  of  MPs  (with  and  without  oxygen  sensors). 
5 As  of  December  31,  1997. 

4Range  of  values  from  summer  and  fall  1996  and  spring  and  fall  1997  measurements. 
5Not  tested  due  to  high  water  and/or  no  air  flow. 
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Submit  plan  for  soil 
confirmation  sampling  and 
site  close-out 


Bioflol.vsd 


Figure  1-1  Bioventing  Process  Operation  Decision  Chart 
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logs,  monitoring  well  completion  logs,  and  as-built  drawings)  is  included  in  Bioventing  at 
Operable  Units  5,  8,  10,  and  11,  Removal  Action  Report,  Addendum  2. 

Experience  gained  at  Loring  AFB  enhances  understanding  of  how  the  biovent  systems  operate  in 
relationship  to  site-specific  hydrogeology.  Figure  1-2  is  a  conceptual  model  of  a  typical  bioventing 
site.  In  general,  each  site  consists  of  glacial  till  (either  natural  and/or  worked),  and  lenses  of  higher- 
permeability  material  (e.g.,  gravel,  sand)  containing  perched  water.  The  overburden  groundwater 
table  is  usually  below  the  area  being  treated  by  bioventing,  so  most  groundwater  influences  on  air 
injection  are  likely  caused  by  perched  groundwater  (historic  water  table  depths  determined  the  depths 
of  the  screens).  Perched  water  also  affects  the  collection  of  soil  gas  samples  in  MPs. 

Advective  air  flow  occurs  primarily  in  regions  of  higher  permeability.  In  regions  of  lower 
permeability,  soils  are  aerated  through  diffusive  transport.  Even  when  soil  gas  samples  cannot  be 
drawn,  it  is  likely  that  aeration  is  occurring  and  supporting  biodegradation,  but  at  a  reduced  rate. 

Documents  pertaining  to  bioventing  system  design,  testing,  installation,  and  O&M  include: 

•  Final  Remedial  Investigation  Reports,  Operable  Units  5,  8,  9,  10,  and  11  (CDM  1996, 

ABB-ES  1995a,  ABB-ES  1995b,  ABB-ES  1994,  ABB-ES  1996,  respectively) 

•  Test  Plan  and  Technical  Protocol  for  a  Field  Treatability  Test  for  Bioventing  (AFCEE  1992) 

•  Long-Term  Bioventing  Treatability  Study,  Loring  AFB,  Base  Exchange  Service  Station 
(Earth  Tech  1995) 

•  Operation  and  Maintenance  Manuals  for  Nose  Dock  Area  &  Service  Station  (Patrick  St. 

Peter  &  Sons  Inc.  1997) 

•  Design  Analysis  Report,  Operable  Units  5,  9,  10,  and  11  (URS  1995a) 

•  Bioventing  and  Excavation  Specifications  for  Former  Jet  Engine  Test  Cell,  Fuel  Tank  Farm, 
Vehicle  Maintenance  Building,  Power  Plant  Drainage  Pipe,  and  Entomology  Shop 

(URS  1995b) 

•  Bioventing  at  Operable  Units  5,  8,  9,  10,  and  11 — Removal  Action  Report  (BEI  1996a) 

•  Operation  and  Maintenance  Plan  for  Bioventing  at  Operable  Units  5,  8,  9,  10,  and  11 
(BEI  1996b) 

•  Excavations  in  OUs  5,  8,  9,  10,  and  11 — Removal  Action  Report  (BEI  1996c) 

•  Bioventing  at  OUs  5,  8,  9,  10,  and  11  Removal  Action  Work  Plan,  Addendum  #1 
(BEI  1996d) 

•  Bioventing  Semiannual  Report  (BEI  1 996e) 

•  Bioventing  Alternatives  Technical  Memorandum  (BEI  1996f) 

•  1 996  Monthly  Bioventing  Reports  (BEI  1 996g  through  j) 
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Figure  1-2  Bioventing  Conceptual  Model 


•  Final  Bioventing  Semiannual  Report  (BEI  1997a) 

•  Final  Bioventing  Removal  Action  Report,  Addendum  1  (BEI  1997b) 

•  Bioventing  at  OUs  5,  8,  9,  10,  and  11  Removal  Action  Work  Plan,  Addendum  2  (BEI  1997c) 

•  Draft  Bioventing  Semiannual  Report  (BEI  1 997d) 

•  1 997  Monthly  Bioventing  Reports  (BEI  1 997e  through  p) 

2.0  SYSTEM  MAINTENANCE 

Routine  weekly,  monthly,  and  time-driven  maintenance  activities  performed  in  accordance  with 
work  plan  specifications  included  checking  lubrication  levels,  air  dryer  desiccant  levels,  and 
blower  drive  belts;  changing  blower  lubricant  at  specified  intervals;  draining  fluids  from  air  dryer 
tanks;  and  adding  desiccant  as  needed. 

No  major  equipment  problems  occurred  during  this  period.  The  programmable  logic  control  (PLC) 
boards  at  FTF  were  found  to  be  malfunctioning  in  December  1997  when  the  system  was  being 
changed  from  bioslurp  mode  to  biovent  mode  for  winter  operation.  As  of  December  3 1,  1997,  the 
system  had  not  been  started.  The  system  is  planned  to  be  repaired  in  January  1998. 

The  systems  at  NDA-4  and  NDA-5  were  shut  down  from  September  to  December  1,  1997  due  to 
construction  by  Depot  Roads,  a  COE  subcontractor  removing  fuel  lines. 

3.0  SYSTEMS  OPERATION 

Key  operational  activities  observed  over  the  first  24  months  are  discussed  in  Section  3.1. 

Section  3.2  summarizes  problems  encountered  and  sitewide  lessons  learned  since  startup. 

Section  3.3  presents  rainfall  data. 

Operational  data  collected  during  this  reporting  period  include  monthly  flow  measurements  taken 
at  each  ATW,  monthly  soil  gas  sampling  results  from  MPs,  and  in  situ  respiration  results  from  the 
fall  1997  tests.  During  August  and  September,  additional  oxygen  sensors  were  installed  in  the 
new  MPs  installed  by  BEI  in  July  1997.  At  least  one  oxygen  sensor  was  installed  at  all  sites 
except  BXSS  to  allow  collection  of  soil  gas  data  during  winter  months.  Data  downloaded  from 
these  oxygen  sensors  are  included  in  the  data  tables  as  monthly  averages;  daily  readings  are 
available  in  the  project  files. 

3.1  OPERATIONS  SUMMARY 

3.1.1  Air  Flow  Rates 

The  rate  of  air  flow  to  the  wellheads  determines  the  rate  at  which  oxygen  is  supplied  to  the 
subsurface.  The  wellhead  flow  rate  is  a  function  of  soil  characteristics  (e.g.,  permeability  and 
saturation).  Generally,  the  tighter  the  soils  (lower  permeability),  the  lower  the  flow  rate  at  a  given 
pressure.  Since  injection  pressure  is  directly  related  to  flow  rate,  an  increase  in  pressure  results  in 
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increased  flow  rates.  If  the  injection  pressure  is  too  high,  however,  the  soil  may  fracture  and 
create  macropathways  for  the  air,  thus  negating  any  benefit  for  increased  air  flow.  The  maximum 
allowable  injection  pressure  varies  due  to  varying  soil  types  and  the  depth  of  the  AIW  screen 
interval,  but  it  is  generally  kept  less  than  5  psi  (equivalent  of  approximately  8  ft  of  overburden 
pressure).  Overburden  pressures  for  each  AIW  were  calculated  at  the  depth  of  the  top  of  the 
screen;  a  soil  density  of  100  lb/ft3  was  assumed.  These  values  are  provided  in  the  site-specific 
data  tables  presented  in  Sections  4.0  through  19.0. 

Figure  3-1  plots  total  monthly  air  flow  at  each  site  since  startup.  In  general,  there  was  a  midyear 
downturn  in  monthly  total  flow  at  each  system  in  1 997,  related  primarily  to  the  wet  weather  that 
spring.  Numerous  NDA  AIWs  not  performing,  as  noted  in  the  last  semiannual  report,  were  again 
noted  during  the  second  half  of  1997.  NDAs  1,  3,  4,  7,  and  8  continued  to  have  nonfunctional 
AIW  s,  but  several  AIW  s  in  these  areas  started  functioning  as  designed.  Further  discussion  of  this 
is  included  in  site  specific  sections  presented  later  in  this  report. 

3.1.2  Soil  Gas  Monitoring 

Soil  gases  are  sampled  to  quantify  subsurface  aeration  rates.  AFCEE  protocol  recommends 
maintaining  an  oxygen  level  of  at  least  5  percent,  the  level  required  to  maintain  oxygen-limited 
aerobic  degradation  (AFCEE  1992);  this  level  is  used  as  a  reference  point  for  operation  of  the 
biovent  systems.  Oxygen  levels  are  measured  either  by  taking  soil  gas  samples  from  the  MPs  or 
by  in  situ  oxygen  meters.  If  oxygen  levels  are  found  to  be  below  5  percent  at  any  MP,  flow  rates 
from  adjacent  AIWs  are  increased  to  raise  oxygen  concentrations  at  that  location  (see  Figure  1-1). 

In  many  instances,  soil  gas  in  the  MPs  cannot  be  sampled;  the  lack  of  soil  gas  can  be  attributed  to 
high  water  table,  soil  saturation,  low-permeability  soil,  screen  clogging,  or  frozen  tubing. 

3.1.3  Respiration  Testing 

In  situ  respiration  tests  are  performed  semiannually,  generally  in  the  late  spring  or  early  summer 
and  fall;  the  MPs  freeze  during  the  winter  and  water  levels  are  high  in  the  spring,  which  make  it 
difficult  to  perform  respiration  tests  from  November  to  May.  Respiration  tests  will  be  performed 
in  the  oxygen  sensors  during  February  1998.  The  systems  will  be  shut  down  and  the  oxygen 
sensors  reprogrammed  to  collect  readings  every  30  minutes. 

The  in  situ  respiration  tests  are  conducted  in  accordance  with  design  specifications  (URS  1995b) 
and  AFCEE  protocol  (AFCEE  1992).  MPs  that  produce  soil  gas  samples  with  oxygen  levels 
close  to  ambient  conditions  are  not  good  candidates  for  respiration  tests.  MPs  selected  for  the 
respiration  test  are  chosen  only  after  the  air  injection  has  been  turned  off  for  a  minimum  of 
24  hours  and  a  soil  gas  sample  from  each  MP  is  analyzed  to  determine  a  representative  oxygen 
and  carbon  dioxide  concentration  (these  soil  gas  samples  are  referred  to  as  pretest  samples).  A 
1  to  5  percent  concentration  of  helium  in  air  is  injected  as  a  tracer  for  up  to  20  hours;  after  this 
injection  period,  the  air/helium  source  is  discontinued.  Soil  gas  samples  are  taken  and  analyzed  by 
field  instruments  for  oxygen,  carbon  dioxide,  helium,  and  total  volatile  hydrocarbons  (TVH). 
Generally  the  test  is  concluded  once  oxygen  levels  go  below  5  percent  or  72  hours  have  passed. 
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Oxygen  utilization  rates  are  then  calculated  based  on  the  initial  linear  portion  of  the  curve, 
typically  the  first  12  hours.  Biovent  system  operations  should  continue  until  a  site’s  oxygen 
utilization  rate  matches  background  levels.  At  Loring  AFB,  the  background  oxygen  utilization 
rate  was  found  to  be  0.1  percent/hour  (2.4  percent/day)  or  less.  Table  3-1  summarizes  and 
Figure  3-2  displays  all  in  situ  respiration  tests  run  in  summer  and  fall  1996  and  spring  and  fall 
1997.  Biodegradation  rates  calculated  for  the  fall  1997  respiration  results  are  included  in 
Table  3-1. 

3.2  LESSONS  LEARNED  SUMMARY 

System  performance  has  improved  over  the  past  year  because  of  increased  system  operation 
knowledge.  Challenges  encountered  over  the  past  two  years  have  included  well  seal  leaks, 
inaccurate  flow  measurements,  inundation  of  AIWs,  lack  of  soil  gas  samples,  and  adverse  weather 
conditions.  These  items  are  discussed  in  more  detail  in  the  first  and  second  semiannual  reports 
(BEI  1996e  and  1997a). 

3.2.1  Well  Seal  Leaks 

Well  seal  leaks  were  eliminated  either  by  limiting  the  injection  pressure  to  5  psi  or  less  or  by 
removing  the  AIW  from  use.  This  was  successful,  and  no  previously  installed  seals  were 
compromised  in  the  past  12  months.  As  the  winter  progressed,  injection  pressures  were 
monitored  carefully  to  maintain  sealed  wells,  especially  during  spring  thaw.  When  the  well  seals 
were  fully  hydrated,  pressure  was  increased  but  kept  at  5  psi  or  less. 

3.2.2  Flow  Rates 

Initial  flow  measurements  were  unreliable  because  of  the  measurement  method  being  used.  A 
flow  meter  demonstration  performed  during  the  summer  of  1996  to  evaluate  different  flow 
measuring  devices  (BEI  1996e)  indicated  that  a  Dwyer®  in-line  rotometer  provided  the  most 
accurate  flow  readings.  All  AIWs  were  retrofitted  with  these  instruments  and  are  working  well 
under  all  conditions. 

3.2.3  Inundation  of  AIWs 

During  the  spring  and  summer,  inundation  of  the  AIWs  is  a  major  inhibitor  of  air  injection.  This 
problem  is  anticipated  to  continue  because  groundwater  levels  fluctuate  seasonally.  However,  if 
constant  pressure  at  a  high  enough  level  to  overcome  the  hydrostatic  head  above  the  top  of 
screen,  is  applied  to  an  AIW,  air  will  eventually  make  its  way  into  the  subsurface.  This  scenario  is 
relevant  only  if  a  minority  of  the  total  number  of  wells  are  inundated.  During  periods  of  rising 
groundwater  levels,  attention  will  be  paid  to  injection  pressures  and  flow  rates.  If  water  levels 
completely  inundate  most  of  the  site’s  AIWs,  the  system  will  be  turned  off  until  groundwater 
levels  subside  because  only  a  small  volume  of  soil  designed  per  treatment  is  being  treated. 
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Table  3-1 

Results  from  the  Summer  and  Fall  1996  /1997  Respiration  Testing 


Site 

Monitoring 

Point 

Summer  1996 
Oxygen  Utilization 
Rate  (%  /  hour) 

Fall  1996 

Oxygen  Utilization 
Rate  (%  /  hour) 

Spring  1997 
Oxygen  Utilization 
Rate  (%  /  hour) 

Oxygen  Utilization 
Rate  (%  /  hour) 

Fall  1997 

Corrected  Oxygen1 
Utilization  Rate  (%/hour) 

Biodegradation  Ra^| 
(mq  TPH/ko  soilA^R 

AHS 

MP-1-5 

Not  installed 

7.5 

1.03 

0.75 

0.75 

12.8  ^ 

MP-2-13 

Not  installed 

0.26 

0.02 

0.04 

0.04 

0.7 

M  P-4-3 

Not  installed 

NT 

NT 

0.15 

0.15 

2.6 

MP-4-13 

Not  installed 

0.04 

0.06 

0.05 

0.05 

0.9 

MP-5BG-4 

Not  installed 

NT 

0.97 

NT 

na 

na 

average  = 

2.6 

0.52 

0.25 

0.25 

4.2 

BXSS 

VM-1-5 

0.41 

0.71 

0.49 

0.46 

0.46 

7.9 

VM-2-5 

0.71 

0.11 

0.5 

NT 

na 

na 

MP-1 -7.5 

0.32 

0.4 

0.08 

0.12 

0.12 

2.1 

M  P-2-8. 5 

1.3 

1.1 

0.11 

0.25 

0.25 

4.3 

MP-4BG-8 

NT 

1.3 

Water/NT 

NT 

na 

na 

average  = 

0.69 

0.72 

0.30 

0.28 

0.28 

4.7 

ES 

M  P-2-3 

Not  installed 

0.01 

No  flow/NT 

NT 

na 

na 

M  P-2- 14 

Not  installed 

0.01 

High  oxygen/NT 

0.04 

0.00 

0.7 

MP-5-9.5 

Not  installed 

Not  installed 

Not  installed 

0.01 

0.01 

0.2 

average  - 

0.03 

0.01 

0.4 

FJETC 

M  P-7-3 

NT 

0.66 

0.31 

0.72 

0.70 

12.3 

FT  A 

MP-1-6 

NT 

NT 

0.2 

NT 

na 

na 

MP-9-3 

NT 

2.4 

0.61 

0.46 

0.43 

7.9 

MP-10-3 

NT 

0.89 

0.31 

NT 

na 

na 

MP-11-3 

NT 

1.45 

0.38 

0.21 

0.19 

3.6 

M  P-1 2-6 

0.17 

0.23 

0.16 

0.04 

0.03 

0.7 

MP-14-8.5 

0.31 

0.26 

0.18 

0.14 

0.14 

2.4 

average  * 

0.24 

1.05 

0.31 

0.21 

0.20 

3.6 

FTF 

MP-2-15 

Not  installed 

0.77 

No  flow 

No  flow 

na 

na 

MP-3-10 

Not  installed 

0.4 

Water 

Water 

na 

na 

average  = 

0.59 

FTF  II 

MP-3-5.5 

Not  installed 

Not  installed 

Not  installed 

2.81 

2.81 

48.1 

MP-1 3-5.5 

Not  installed 

Not  installed 

Not  installed 

1.43 

1.41 

24.5 

average  = 

2.12 

2.11 

36.3 

NDA-1 

MP-1-3-5.5 

Not  installed 

NT 

0.13 

NT 

na 

na 

MP-1 -4-8 

Not  installed 

4.2 

Water 

NT 

na 

na 

MP-1 -6-5 

Not  installed 

4.0 

0.18 

0.34 

0.34 

5.8 

MP-1-6-8 

Not  installed 

5.1 

Water 

0.76 

0.76 

13.0 

average  = 

4.65 

0.16 

0.55 

0.55 

_ ^ 

NDA-2 

M  P-2-2-5 

Not  installed 

0.07 

High  oxygen/NT 

High  oxygen/NT 

na 

na 

M  P-2-2-8 

Not  installed 

0.07 

High  oxygen/NT 

High  oxygen/NT 

na 

na  m 

NDA-3 

No  points  available  for  respiration  testing  due  to  'No  flow*  or  Water 

NDA-4 

MP-4-2BG 

NT 

NT 

NT 

0.05 

0.05 

0.9 

M  P-4-4 

NT 

NT 

NT 

0.77 

1  0.77 

13.2 

average  = 

0.41 

0.41 

7.0 

NDA  -5 

MP-5-1-9.5 

Not  installed 

7.2 

Water/NT 

Water/NT 

na 

na 

M  P-5-4-7. 5 

Not  installed 

0.05 

High  oxygen/NT 

Water/NT 

na 

na 

average  = 

3.63 

NDA-6 

MP-6-3-8.5 

Not  installed 

0.014 

Water/NT 

Water/NT 

na 

na 

MP-6-2BG-7 

Not  installed 

NT 

0.1 

0.06 

0.06 

1.0 

NDA-7  No  points  available  for  respiration  testing  due  to  'No  flow*  or  Water 


NDA  -8 


No  points  available  for  respiration  testing  due  to  ’No  flowTWater/High  oxygen 


PPDP  M  P-2-3 

0.65 

NT 

No  flow/NT 

NT 

na 

na 

MP-3-3 

1.7 

1.2 

1.0 

NT 

na 

na 

MP-3-6 

0.73 

0.46 

0.46 

0.65 

0.65 

11.1 

M  P-4-3 

0.45 

0.15 

0.19 

0.22 

0.22 

3.8 

MP-6-3 

0.56 

0.19 

0.14 

0.09 

0.09 

1.5 

MP-9-8.5 

Not  installed 

Not  installed 

Not  installed 

0.40 

0.40 

6.8 

average  = 

0.82 

0.50 

0.26 

0.34 

0.34 

5.8 

na  =  not  applicable 


Oxygen  utilization  rate  corrected  as  follows:  NT  =  not  tested 

a)  Determine  helium  toss  per  hour  (all  helium  data  was  used  to  determine  slope); 

b)  Correct  helium  decay  by  dividing  helium  loss  per  hour 
by  2.8  (difference  in  diffusion  rate  of  helium  and  oxygen); 

c)  subtract  corrected  helium  decay  from  initial  oxygen  utilization  rate. 

2  Hydrocarbon  biodegradation  rate  =  (Kd) 

Kd  3  degradation  rate  (mg  TPH/kg  soil/day)  Kd  -  Ko*Axft*Do  x  24 

Ko  »  corrected  oxygen  utilization  rate  (%/hour)  100 


A  =  Air  filled  porosity  per  kg  of  soil,  calculated  (0.192) 

R  =  Ratio  of  TPH  mineralization  to  oxygen  required  (1:3.5  for  hexane) 


Do  *  Density  of  oxygen  at  68°  F  (1,300  mg/L) 

[Equation  and  values  from  URS  1995b  (Section  02020)] 
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Figure  3-2 

Respiration  Test  Results  by  Biovent  Area 


3.2.4  Soil  Gas  Monitoring 

For  several  reasons,  soil  gas  samples  have  generally  been  difficult  to  collect — well  point  screened 
in  tight  soil,  MP  inundation,  clogged  screen,  compromised  tubing,  or  frozen  tubing — and  no 
better  collection  method  has  been  found.  As  recommended  in  the  previous  semiannual  report, 
new  MPs  were  added  to  several  sites  on  July  25-29,  1997;  mid-month  monitoring  of  these  new 
MPs  began  in  August.  In  the  site-specific  sections  that  follow,  BEI  recommends  either  installing 
new  MPs  where  improvement  in  the  operation  of  current  MPs  is  not  believed  possible,  or  an 
alternative  remedial  action  (i.e.,  excavating  and  removing  soil).  Split-spoon  samples  should  be 
taken  during  installation  of  MPs,  and  the  MP  screen  should  be  installed  in  a  field-determined 
permeable  contaminated  zone — not  at  predetermined  depths.  In  addition  to  split-spoon  sampling, 
the  depth  to  water  will  be  determined  when  practical. 

Soil  gas  samples  collected  in  May  1997  from  AHS,  BXSS,  ES,  FJETC,  and  FTA  were  considered 
suspect  because  of  consistently  high  oxygen  and  low  carbon  dioxide  levels.  Air  samples  were 
collected  in  May  from  several  locations  that  did  not  yield  samples  before  or  afterward.  In  addition, 
high  oxygen  levels  were  noted  at  locations  with  historically  low  levels  (i.e.,  FJETC-MP7-3  and 
FTA-MP9-3).  Both  of  these  anomalies  suggest  leaks  in  the  sampling  equipment;  for  example,  the 
lid  to  the  jar  on  the  air  sampling  device  may  have  been  leaking,  thus  diluting  the  soil  gas  sample  with 
ambient  air.  The  entire  sampling  system  has  been  checked  for  leaks,  and  new  tubing  has  been 
installed.  All  soil  gas  monitoring  data  will  be  compared  with  historic  data  as  an  additional 
verification  step. 

3.2.5  General 

Biovent  systems  running  during  the  winter  of  1997-1998  are  expected  to  run  similarly  to  last 
winter  and  therefore  will  again  be  run  at  reduced  air  flow  rates  for  select  sites.  As  spring  thaw 
begins,  attention  will  be  focused  on  water  levels  and  the  pressures  required  to  maintain  air 
injection.  Oxygen  sensors  will  be  monitored  during  the  winter,  and  winter  respiration  tests  at 
select  oxygen  sensor  locations  will  be  conducted  (as  recommended  in  last  semiannual  report), 
weather  permitting.  MPs  will  not  be  sampled  until  spring  thaw. 

Respiration  tests  scheduled  for  spring/summer  1998  will  include  all  MPs  tested  in  the  past  and 
additional  sites  where  respiration  tests  have  not  yet  been  performed.  MPs  will  be  selected  on  the 
basis  of  soil  gas  sample  collectibility. 

The  site-specific  sections  that  follow  provide  evaluations  and  recommendations  for  each  site. 

Table  3-2  summarizes  the  recommendations  in  the  subsequent  sections.  A  soil  sampling  plan  will 
be  prepared  for  any  soil  sampling  proposed  in  the  recommendations. 
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Table  3-2 

Summary  of  Site-Specific  Recommendations 


3.3  RAINFALL  DATA 


Table  3-3  tabulates  rainfall  data  recorded  at  the  weather  station  in  Caribou,  Maine,  over  the  past 
year,  and  Figure  3-3  illustrates  daily  totals  and  cumulative  values  for  the  past  3  years.  The  graph 
clearly  shows  that  precipitation  during  April  through  September  1996  and  1997  have  exceeded 
normal  levels.  Combined  with  snowmelt,  these  high  levels  may  have  had  an  impact  on  several  of 
the  biovent  systems  as  noted  in  the  last  semiannual  report.  Saturated  soils  have  caused  air 
injection  rates  to  be  lower  than  design  flow,  and  several  MPs  were  affected  by  saturation  levels, 
resulting  in  reduction  of  monitoring  data.  Rainfall  amounts  from  October  through  December 
were  close  to  normal.  Most  inundated  wells  noted  in  June  and  July  were  either  only  partially 
inundated  or  were  not  inundated  from  August  through  December,  primarily  due  to  the  decrease  in 
infiltration.  Although  several  wells  dried  up,  partially  saturated  soils  did  not  allow  air  flow  in 
several  AIWs. 
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Table  3-3  Precipitation  Data  Caribou,  Maine  (1/97  -  12/97) 


Source:  National  Oceanic  Atmospheric  Administration,  National  Weather  Service,  Caribou,  Maine 
Note:  Reported  “trace"  amounts  of  rain  were  listed  as  zero  precipitation. 
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Figure  3-3  Daily  and  Cumulative  Rainfall  Amounts 


4.0  AUTO  HOBBY  SHOP 


4.1  OPERATIONS 

Figure  4-1  presents  the  average  flow  at  each  AIW.  In  general,  the  AIWs  located  at  the  AHS 
operated  per  design  throughout  1997  (Table  4-1). 

4.2  CONCLUSIONS  AND  RECOMMENDATIONS 

Table  4-2  presents  the  monthly  AIW  groundwater  data  including  a  graph  showing  the  August, 
October,  and  December  groundwater  levels  in  the  AIWs  located  along  the  north-south  section 
identified  on  Figure  4-1 .  It  is  evident  that  groundwater  saturation  at  the  AHS  was  not  a  problem; 
only  ATW-1  and  AIW-2  had  groundwater  levels  approaching  the  top  of  the  screen.  Figure  4-2 
presents  monthly  groundwater  levels  and  air  injection  rates  along  the  north-south  transect  for 
1997.  Monthly  and  normal  rainfall  totals  have  been  added  for  correlation  with  the  water  and  air 
data.  All  screens  remained  fully  open  except  AIW- 1  and  ATW-2,  both  located  at  the  south  end  of 
the  AHS. 

Data  presented  in  Table  4-1  indicate  that  active  respiration  is  occurring  at  MPs  1,  5,  and  6.  MP  4 
is  likely  situated  in  contaminated  soil — the  oxygen  utilization  rate  is  0.15  percent/hour,  oxygen 
levels  are  as  low  as  16.1  percent,  and  TVH  levels  are  as  high  as  659  ppmv.  Background  location 
MP  5  continues  to  exhibit  the  greatest  volatile  readings  (2400  ppmv)  and  the  lowest  oxygen 
readings  (0.7  percent). 

Respiration  tests  performed  on  October  22,  1997  included  four  MPs,  one  of  which  was  a  new 
location  not  previously  tested.  Respiration  data  and  results  for  the  respiration  tests  are  shown  on 
Figures  A-l  and  A-2  (Appendix  A).  MP  5,  tested  in  the  summer,  was  not  tested  this  time. 

MPs  2-13  and  4-13  showed  results  similar  to  the  summer  respiration  rates;  both  were  at 
background  levels,  indicating  that  biodegradation  may  be  complete.  The  oxygen  utilization  rate  at 
MP  1-5  decreased  from  1.03  percent/hour  in  June  to  0.75  percent  in  October — a  significant 
decrease,  although  still  indicative  of  active  biodegradation.  An  additional  MP  (MP-9-6.5)  was 
constructed  in  August. 

The  biovent  system  had  operated  for  a  total  of  406  days  through  December  31,  1997. 

Overall  Recommendation  for  AHS:  Most  of  the  site  is  operating  per  design,  and  most  MPs  are 
providing  data.  No  significant  operational  changes  to  the  air  flow  settings  or  improvements  to 
MPs  are  recommended  for  the  AHS  site  at  this  time.  Oxygen  levels  are  below  6  percent  at  MP-5 
and  MP-6,  and  the  oxygen  utilization  rate  at  MP-1  is  0.75  percent/hour.  Therefore,  the  system 
should  remain  in  operation  until  all  areas  of  the  site  reflect  background  conditions.  The  distance 
to  the  potentially  contaminated  soils  near  MP-5BG  is  beyond  the  radius  of  influence  of  the  nearest 
AIWs;  therefore,  a  new  AIW  is  recommended  to  be  added  near  boreholes  2,  3,  and  4 
(Figure  4-1). 
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AHS  Biovent  System  Layout 
and  Average  Wellhead  Flow 
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Table  4-1  AHS  Air  Flo^ind  Monitoring  Point  Data 


1  Maximum  pressure  before  potential  for  fracturing  of  soil.  Conservative  value  calculated  at  top  of  screen  assuming  density  of  soil  is  100  Ibs/ft3. 

2  The  monthly  O2  sensor  results  is  the  average  for  month. 

*  Measured  from  top  of  casing. 

4  Test  performed  on  1 0/22/97. 

bgs  =  below  ground  surface,  nr  =  no  reading,  na  =  not  applicable,  no  -  not  operational. 


Table  4-2  AHS  Groundwater  Level  Data 


Auto  Hobby  Shop  Groundwater  Levels  from  August  through  December  1997 


XSCT_F97.XLS 
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5.0  BASE  EXCHANGE  SERVICE  STATION 


5.1  OPERATIONS 

The  BXSS,  located  in  OU  5,  consists  of  7  AIWs  and  12  MPs  (Figure  5-1).  The  biovent  system 
pilot  test  originally  installed  in  the  fall  of  1993  (Earth  Tech  1995)  consisted  of  three  AIWs 
(designated  as  biovent  points,  or  BVs)  and  six  MPs  (designated  as  vapor  monitoring  points,  or 
VMs).  During  the  summer/fall  of  1996,  four  additional  AIWs  and  six  MPs  were  installed  to 
complete  the  system;  the  newly  expanded  system  was  started  up  in  October  1996.  BEI  assumed 
O&M  responsibilities  in  February  1995,  and  the  BXSS  system  had  operated  659  days  through 
December  31,  1997. 

Table  5-1  provides  individual  AIW  air  flow  data  for  the  BXSS  bioventing  system.  The  flow  in  the 
BV  injection  wells  was  reduced  in  November  from  4  to  2  scfm  to  meet  original  design 
requirements.  Soil  gas  samples  were  not  collected  in  December  due  to  winter  conditions.  During 
August  and  September,  the  lower  screened  interval  (8  to  8.5  ft  bgs)  in  the  VM  points  did  not 
produce  air  samples. 

5.2  CONCLUSIONS  AND  RECOMMENDATIONS 

Groundwater  levels  were  collected  from  the  BV  wells  beginning  in  October  (Table  5-2). 
Previously  only  water  levels  had  been  collected  from  AIWs  due  to  access  problems  with  BV 
wells.  Water  levels  in  the  AIWs  and  BVs  were  stable  through  the  reporting  period  and  had  no 
affect  on  the  air  injection  rates. 

Respiration  tests  performed  at  MPs  VM-1-5,  MP-1-7.5,  and  MP-2-8.5  (Figures  A-3  and  A-4) 
showed  that  oxygen  utilization  rates  ranged  from  0. 12  to  0.52  percent/hour.  All  three  results 
were  similar  to  those  noted  in  June  1997  (Table  3-1). 

In  general,  oxygen  levels  have  increased  in  most  MPs  since  samples  were  first  taken  in 
September  1996.  VM-1-5  and  VM-2-5  continue  to  indicate  that  enhanced  biodegradation  is 
occurring  (i.e.,  low  oxygen  levels  and  high  oxygen  utilization  rates).  Oxygen  levels  of  3.2  and 
1.1  percent  were  noted  in  VM-1-5  during  operation  in  August  and  September,  respectively  (see 
Table  5-1).  The  oxygen  utilization  rate  in  VM-1-5  was  0.52  percent/hour,  which  is  indicative  of 
active  respiration.  In  addition,  VM-1-5  shows  high  TVH  levels  during  August  and  October. 

Oxygen  utilization  rates  recorded  in  MP-1-7.5  and  MP-2-8.5  were  0.12  and  0.29  percent/hour. 
The  rate  in  MP-1-7.5  was  similar  to  that  recorded  in  June,  but  the  MP-2-8.5  value  of 
0.29  percent/hour  had  increased  from  a  June  reading  of  0. 1 1  percent/hour.  This  increase  is  not 
significant  and  still  supports  the  scenario  that  the  MP-2-8.5  area  is  becoming  cleaner  when 
compared  to  1996  values.  Previous  oxygen  utilization  rates  at  MP-2-8.5  were  1.3  and 
1 . 1  percent/hour  in  the  spring  and  fall  of  1996,  respectively  (See  Table  3-1).  Typical  background 
oxygen  utilization  rates  are  between  0.06  and  0.10  percent/hour. 
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A  respiration  rate  of  0.5  percent/hour,  corresponding  to  a  total  petroleum  hydrocarbon  (TPH) 
degradation  rate  of  approximately  9  mg  TPH/kg  soil/day,  suggests  that  the  site  should  be  at 
values  near  500  mg/kg  within  one  season  (assuming  initial  concentrations  around  1600  mg/kg). 
Since  operation  of  the  biovent  system  has  been  occurring  at  the  B  V  wells  for  over  600  days  and 
one  full  summer  at  the  AIW  area,  the  BXSS  should  have  TPH  values  below  preliminary 
remediation  goals  (PRGs). 

Overall  Recommendation  for  BXSS:  During  the  winter  months,  the  air  injection  rate  should  be 
kept  at  the  design  flow  rate  in  the  BV  wells  to  maximize  the  potential  for  aeration  of  the  deeper 
intervals.  Soil  samples  should  be  collected  in  the  early  spring  at  locations  to  evaluate  the  cleanup. 
Include  sampling  locations  near  the  BXSS  Wetland  (high  headspace  sampling  sites;  see 
Figure  5-1)  and  the  background  MP4BG  area  (obtain  sample  between  8.5  and  12  ft  bgs). 
Compare  the  results  to  presystem  concentrations  to  determine  the  effectiveness  of  the  system. 
These  samples  will  act  as  confirmation  samples  if  concentrations  are  below  the  PRGs  (cease 
bioventing).  If  the  system  has  significantly  decreased  TPH  concentrations  (i.e.,  70  percent  or 
more)  from  initial  levels  but  they  are  not  below  the  PRGs,  continue  bioventing.  If  bioventing  is 
continued,  it  is  recommended  that  one  AIW  be  added  near  the  high  headspace  readings  noted  in 
the  last  semiannual  report  (see  Figure  5-1  for  the  proposed  location).  If  TPH  concentrations  have 
not  declined  significantly  from  initial  conditions  (i.e.,  less  than  30  percent  decrease),  cease 
bio  venting  and  evaluate  other  remedial  options.  A  lack  of  a  decrease  in  TPH  concentrations  is 
likely  due  to  oxygen-limiting  conditions  (low-permeability  soils)  as  indicated  in  VM-1  and  VM-2. 
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Table  5-2  BXSS  Groundwater  Level  Data 


Base  Exchange  Service  Station  Groundwater  Levels  from  February  through  July  1997 


Well  No. 

i  Well  Depth 

i  Top  of  Screen 

Aug-97 

Sep-97 

Oct-97 

|  Nov-97  j 

Dec-97 

1  below  TOC1 

below  TOC1 

1  ' 

1  Depth  to  BV  wells  are  from  ground  surface.  Depth  to  groundwater  from  TOC  located  approximately  1 .5  ft  bgs. 
nc  =  not  collected 


Groundwater  Levels  along  North  /  South  Transect  at  BXSS 
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6.0  ENTOMOLOGY  SHOP 


6.1  OPERATIONS 

The  ES,  located  in  OU  10,  consists  of  7  AIWs  and  13  MPs  (Figure  6-1).  BEI  installed  the  ES 
biovent  system  in  the  summer  of  1996;  startup  was  in  September  1996,  and  O&M  began  in 
October  1996.  Three  new  MPs  were  added  to  the  system  in  July  1997  due  to  lack  of  monitoring 
data.  The  system  operated  a  total  of  443  days  through  December  31,  1997. 

AIW-2  and  AIW-3  are  the  only  wells  that  continuously  accepted  air  at  or  near  the  design  flow 
rate  (3  cfm)  during  the  reporting  period.  AIW-5  and  AIW-6  averaged  approximately  half  of  the 
design  rate.  As  noted  during  the  first  half  of  1997,  AIWs-1,  -4,  and  -7  had  zero  air  injection  flow 
rates.  Only  three  MPs  (MP-1-3,  MP-2-14,  and  MP-5-9.5)  were  able  to  supply  soil  gas  samples 
during  May  through  July  1997  (Table  6-1).  Oxygen  sensor  MP-6-8.5  came  online  at  the 
beginning  of  October. 

6.2  CONCLUSIONS  AND  RECOMMENDATIONS 

Groundwater  level  measurements  show  that  AIW-2  was  fully  inundated  with  water  for  the  entire 
period  from  August  through  December  (Table  6-2).  It  is  not  fully  understood  why  AIW-2 
continually  takes  air  at  the  design  rate  (3  psi).  ATW-3  was  partially  inundated  from  October 
through  December;  the  remaining  AIWs  had  no  groundwater  inundation.  Figure  6-2  illustrates 
the  air  flow  and  groundwater  level  relationship  along  the  west/east  cross  section  identified  on 
Figure  6-1.  ATWs-1,  -4,  and  -7  have  not  accepted  air  since  operation  began.  Groundwater 
appears  to  remain  at  or  below  the  bottom  of  the  screen  most  of  the  time;  therefore,  extremely 
impermeable  soils  may  surround  the  filter  pack  at  each  of  these  wells. 

High  oxygen  levels  were  recorded  at  MP-1-3,  MP-2-14,  MP-4-3,  MP-5-9.5,  and  MP-6-8.5  (18.7 
to  20.6  percent)  during  the  reporting  period.  Respiration  tests  were  performed  at  MP-2-14  and 
MP-5-9.5  (Figure  A-5).  Both  results  were  below  background  levels,  0.05  and  0.03,  respectively. 
The  fact  that  oxygen  levels  remain  high,  carbon  dioxide  levels  remain  low,  and  oxygen  utilization 
rates  are  at  background  levels  suggest  that  biodegradation  has  ceased  and  a  majority  of  the  site  is 
clean.  There  is  a  lack  of  MP  data  for  the  deeper  soil  at  MP-1  and  MP-4  and  shallow  soil  at  MP-2. 

Overall  Recommendation  for  ES:  It  appears  that  biodegradation  is  not  occurring  in  the  vicinity 
of  the  MPs  producing  soil  gas  samples.  High  oxygen  levels  noted  in  these  MPs  may  be  indicating 
that  the  source  of  contaminants  is  depleted.  New  MPs  (MP-5-5.5,  MP-5-9.5,  and  MP-6-8.5) 
have  provided  information  on  soils  immediately  adjacent  to  the  former  ES.  Although  it  appears 
these  soils  are  not  contaminated,  it  is  still  not  known  whether  soils  beneath  the  former  basement 
have  been  affected  by  the  air  injection.  It  is  recommended  that  air  injection  rates  be  increased 
during  the  remainder  of  the  winter  months,  especially  near  the  basement.  Recommend  spring  soil 
sampling  at  several  locations  at  the  ES  site,  including  the  soils  below  the  former  basement  if 
feasible.  Suggest  installing  a  polyvinyl  chloride  pipe  (with  perforations)  in  the  borings  following 
sampling  to  act  as  a  temporary  piezometer.  Since  saturated  soils  seem  to  be  rendering  some  of 
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the  MPs  ineffective,  a  better  understanding  of  the  groundwater  table  is  needed  to  evaluate  any 
further  remedial  actions.  If  contamination  still  exists  under  the  basement,  the  options  of  additional 
AIWs,  excavation,  or  no  action  will  be  evaluated.  Based  on  AIW  oxygen  levels,  soils  away  from 
the  former  basement  appear  to  be  approaching  cleanup  goals.  If  soil  sampling  indicates  PRGs 
have  been  achieved  at  the  site,  the  bioventing  system  should  be  shut  down. 
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Figure  6-1 

ES  Biovent  System  Layout 
and  Average  Wellhead  Flow 
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Table  6  -  1  ES  Air  Flo^fnd  Monitoring  Point  Data 
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Table  6-2  ES  Groundwater  Level  Data 


Entomology  Shop  Groundwater  Levels  from  August  through  December  1997 
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Boxed  value  indicates  groundwater  depth  is  at  or  above  the  top  of  screen. 


Groundwater  Levels  along  West  /  East  Transect  at  Entomology  Shop 
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West  /  East  Cross  Section  at  Entomology  Shop 
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Figure  6-2  ES  Groundwater/Air  Flow  Relations  Along  West/East  Section 


7.0  FORMER  JET  ENGINE  TEST  CELL 


7.1  OPERATIONS 

The  FJETC,  located  in  OU  5,  consists  of  13  AIWs  and  8  MPs  (Figure  7-1).  BEI  installed  FJETC 
biovent  system  in  the  fall  of  1995;  MP-8,  containing  an  oxygen  sensor,  was  added  to  the  system  in 
July  1 997.  This  oxygen  sensor  was  added  to  the  north-central  portion  of  the  site  because  of  the  lack 
of  monitoring  data  in  this  area  (as  a  result  of  inundated  MPs)  and  the  presence  of  fuel  in  nearby 
MP-1 .  Since  BEI  assumed  responsibility  for  O&M,  this  biovent  system  has  operated  522  days 
through  December  3 1,  1997.  The  system  was  down  during  portions  of  the  summer  and  early  fall 
1996  due  to  high  groundwater  levels  and  in  May  1997  due  to  a  malfunction  of  the  high  water  level 
switch  in  the  desiccant  tank.  During  June  and  July  1997,  most  of  the  AIWs  did  not  accept  flow  or 
were  shut  down  due  to  high  groundwater  levels.  Between  August  and  December  1997,  most  of  the 
AIWs  accepted  air  at  or  near  the  design  rate  (Table  7-1).  Table  7-2  illustrates  August,  October,  and 
December  water  levels  along  two  transects  that  are  shown  on  Figure  7-1 .  Figures  7-2  and  7-3 
present  monthly  groundwater  levels  and  flow  rates  for  each  AIW  located  along  the  two  transects. 

As  observed  in  early  summer  of  1996  and  July  1997,  fuel  was  again  encountered  in  MP-1 -4  from 
August  through  November  (sampling  not  performed  in  December).  High  water  levels  limited  the 
collection  of  soil  gas  samples  from  MP-5  throughout  the  reporting  period.  MP-6  and  MP-7  produced 
soil  gas  samples  during  the  majority  of  the  reporting  period.  A  respiration  test  was  performed  at  MP- 
7  in  October  as  illustrated  in  Figure  A-6. 

7.2  CONCLUSIONS  AND  RECOMMENDATIONS 

Two  new  replacement  AIWs  were  drilled  and  installed  (AIW-1A  and  AIW- 12 A)  at  the  end  of 
July  1997  (see  Figure  7-1)  to  increase  air  flow  in  the  northern  end  of  FJETC.  The  two  new  AIWs 
have  worked  well  since  their  startup  in  November.  The  new  oxygen  sensor  (MP-8)  in  the  south- 
central  portion  of  the  site  contained  oxygen  levels  as  low  as  16.9  percent,  which  may  indicate  that 
biodegradation  is  still  in  process.  Contamination  was  identified  in  samples  collected  from  the  MP-8 
boring  (headspace  results  ranged  from  1 56  to  294  ppm  total  volatiles). 

Water  levels  in  the  center  of  the  site  (see  Table  7-2)  were  elevated  during  much  of  the  reporting 
period,  which  greatly  reduced  the  amount  of  soil  that  could  be  treated.  Treatment  of  shallow  soils 
may  be  complete,  assuming  that  MP-6-3  is  representative  of  this  zone.  A  respiration  test  at  MP-7-3 
has  again  produced  a  relatively  high  value  for  oxygen  utilization  (0.72  percent/hour;  see  Figure  A-6); 
this  rate  is  similar  to  that  of  a  year  ago.  This  unchanged  rate  along  with  a  high  TVH  readings  in  MP- 
7-3  may  support  the  possibility  that  a  significantly  contaminated  source  (i.e.,  fuel  in  free  phase)  may 
exist  below  the  MP. 

Overall  Recommendation  for  FJETC:  It  is  recommended  that  the  system  be  allowed  to  run 
into  the  1998  season  since  contamination  is  still  believed  to  exist  in  the  soils.  Collect  soil  samples 
throughout  FJETC  beginning  in  late  June  1998.  Utilize  the  confirmation  borings  for  monitoring 
purposes.  In  addition,  perform  respiration  tests  at  all  MPs  that  produce  air  samples.  This 
information  will  be  used  to  determine  whether  to  continue  or  propose  an  alternative  cleanup 
method  (i.e.,  excavation  or  bioslurping). 
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Figure  7-1 

FJETC  Biovent  System  Layout 
and  Average  Wellhead  Flow 
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Table  7  -  1  FJETC  Air  Flow  and  Monitoring  Point  Data 
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Figure  7-2  FJETC  Groundwater/Air  Flow 


8.0  FIRE  TRAINING  AREA 


8.1  OPERATIONS 

The  FT  A,  located  in  OU  8,  consists  of  16  AIWs  and  38  MPs  (Figure  8-1).  BEI  installed  the  FTA 
biovent  system  in  the  fall  of  1995.  Since  BEI  assumed  responsibility  for  the  bioventing  O&M,  the 
system  had  operated  648  days  through  December  3 1,  1997.  The  only  oxygen  sensor  (MP-16) 
was  installed  in  July  1997,  as  shown  in  Figure  8-1.  Minor  interruptions  for  respiration  testing  and 
general  maintenance  have  occurred  since  startup.  Several  power  outages  have  also  occurred  at 
this  site,  resulting  in  brief  shutdowns. 

Injection  flows  are  typically  held  at  or  slightly  above  the  design  flow  rate  of  3  scfm  in  each  AIW. 
AIW-2  has  not  accepted  injected  air  since  system  startup.  AIW-12  began  accepting  air  during  this 
reporting  period,  but  at  a  very  low  rate  of  0.5  to  1  scfm  (design  flow  is  3  scfm).  AIW- 14  and 
AIW- 16  are  the  only  other  AIWs  with  low  flow.  AIWs- 12,  -14,  and  -16  are  all  located  in  the 
southern  end  around  the  former  fire  pit;  this  area  is  also  where  most  of  the  inundated  MPs  exist. 
The  overall  system  injection  pressure  was  held  constant  between  3.1  and  3.3  psi  (Table  8-1) 
throughout  the  reporting  period. 

8.2  CONCLUSIONS  AND  RECOMMENDATIONS 

Approximately  40  to  50  percent  of  the  FTA  MPs  do  not  produce  soil  gas  samples,  although  most 
of  the  AIW s  allow  air  injection  at  design  rates.  Unexpectedly,  most  of  the  MPs  that  have  no  flow 
or  saturated  conditions  are  the  3-  and  6-ft  top  of  screen  depths,  not  the  deeper  8.5-  and  10-ft 
depths  (see  Table  8-1).  A  perched  clay/silt  lens  may  be  intersecting  the  shallow  MPs.  Table  8-2 
presents  groundwater  levels  in  AIW s  and  a  cross-sectional  view  of  the  generalized  water  table.  It 
is  clear  that  groundwater  levels  are  not  a  problem  at  this  site.  On  average,  none  of  the  AIWs  had 
water  greater  than  1  ft  above  the  bottom  of  the  5-  and  6-ft  screens.  Figure  8-2  presents  the 
groundwater  levels  and  air  flows  per  AIW  along  the  north-south  cross  section  on  Figure  8-1 .  The 
average  and  normal  monthly  rainfall  curve  has  been  added  to  the  first  two  AIW  graphs  for 
comparison  to  groundwater  levels. 

Four  respiration  tests  were  run  in  October;  the  pretest  oxygen  level  ranged  from  7.5  to 
17.8  percent  (Figures  A-7  and  A-8).  Pretest  oxygen  levels  are  those  measured  after  the  system 
has  been  shut  down  for  a  minimum  of  24  hours  before  helium  and  air  are  injected.  All  four 
oxygen  utilization  rates  showed  a  slight  decline,  indicating  that  biodegradation  is  still  occurring 
but  at  a  slower  rate  (see  Table  3-1  or  Figure  8-1).  This  may  be  attributed  to  a  depletion  in  the 
carbon  source  (i.e.,  fuel  contaminants). 

Overall  Recommendation  for  FTA:  No  changes  to  the  system  are  recommended;  in  general, 
the  system  appears  to  be  working  well.  Comparison  of  the  fall  1997  oxygen  utilization  rates  with 
the  previous  reports  shows  that  biodegradation  is  still  occurring.  Although  there  is  a  constant 


loring\L-1718 


39 


decline  in  oxygen  utilization  rates,  it  is  not  clear  when  background  rates  will  be  obtained.  Suggest 
collecting  soil  samples  in  June  1998  for  evaluation  in  the  next  semiannual  report.  Delineation  of 
contaminated  soils  should  be  made  by  mid-summer  1998.  Any  soils  that  remain  above  PRGs 
should  be  evaluated  for  another  remedial  alternative  (i.e.,  excavation  and  disposal  in  LF-3). 
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Figure  8-1 

FTA  Biovent  System  Layout 
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Table  8-2  FTA  Groundwater  Level  Data 


Fire  Training  Area  Groundwater  Levels  from  August  through  December  1997 


Groundwater  Levels  along  North  /  South  Transect  at  Fire  Training  Area 


North  /  South  Cross  Section  at  Fire  Training  Area 
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9.0  FUEL  TANK  FARM  BIO  VENT/BIOSLURP 


The  FTF  bio slurp/bio vent  system  is  installed  in  OU  1 1  and  is  made  up  of  17  bioslurp  wells, 

21  biovent  wells,  and  1  single-elevation  and  7  dual-elevation  MPs  (15  MPs);  4  of  the 
dual-elevation  MPs  have  oxygen  sensors.  The  FTF  system  ran  from  August  1 6  to  August  23  in 
the  bioslurp  mode.  Numerous  mechanical  problems  occurred  during  this  reporting  period,  but 
sediment  breakthrough  beyond  the  oil/water  separator  was  the  primary  reason  the  system  did  not 
run  properly.  Two  additional  bag  filters  were  added  between  the  oil/water  separator  and  the 
cartridge  paper  filter  system.  The  system  ran  in  a  startup  mode  for  only  one  week  before  the 
granular-activated  carbon  (GAC)  barrels  had  to  be  changed  and  the  volume  meter  replaced. 
Restartup  of  the  system  was  delayed  until  Depot  Roads  (COE)  excavation  activities  were 
completed;  it  was  necessary  to  disconnect  product  recovery  lines  so  that  Depot  Roads  could 
perform  its  work.  When  Depot  Roads  completed  work  late  in  November  and  the  system  was 
changed  back  to  the  bioventing  mode  for  winter  operation,  damage  to  the  PLC  boards  in  the 
control  system  was  discovered.  The  cause  for  the  damage  could  not  be  determined,  but  moisture 
leakage  into  the  control  panel  was  suspected.  The  system  is  scheduled  to  be  repaired  in  January 
1998,  at  which  time  it  will  be  started  up  in  the  bioventing  mode.  Since  BEI  assumed 
responsibility  for  the  bioventing  O&M,  the  system  had  operated  in  bioventing  mode  188  days 
through  December  31,  1997.  In  order  to  make  a  decision  on  confirmation  sampling,  begin 
bioslurp  as  soon  as  possible  this  spring. 
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10.0  FUEL  TANK  FARM  n 


10.1  OPERATIONS 

The  FTF  II,  located  in  OU  1 1,  consists  of  37  AIWs  and  24  MPs  (6  with  oxygen  sensors) 

(Figure  10-1).  BEI  installed  the  FTA  biovent  system  in  the  summer  of  1997  and  started  operation 
on  August  28,  1997.  BEI  assumed  responsibility  for  the  bioventing  O&M  in  October  1997.  The 
system  operated  until  September  20;  when  it  was  shut  down  due  to  construction  activities  by 
Depot  Roads,  a  subcontractor  to  the  COE.  The  system  was  restarted  on  October  31,  1997  and 
has  run  continuously  since  that  time.  Through  December  31,  1997  the  system  has  operated  for  a 
total  of  79  days. 

The  number  of  AIWs  accepting  air  has  steadily  increased  from  2  at  startup  to  24  in  December. 
Injection  flows  are  presently  approximately  half  the  design  flow  rate  of  3  scfm  in  each  AIW 
(Table  10-1).  The  overall  system  injection  pressure  was  held  constant  between  3.4  and  3.5  psi 
throughout  the  reporting  period. 

10.2  CONCLUSIONS  AND  RECOMMENDATIONS 

Table  10-2  presents  groundwater  levels  in  AIWs  and  cross-sectional  views  of  the  generalized 
water  table.  By  December  the  majority  of  AIW  screens  were  above  the  water  table.  Figures  10-2 
through  10-4  present  the  groundwater  levels  (data  is  limited)  and  air  flows  per  AIW  located  along 
the  cross  sections  on  Figure  10-1 .  Initially,  high  groundwater  levels  were  typical,  but  a  general 
decline  in  the  level  can  be  inferred  from  these  figures.  As  the  water  table  dropped,  air  flow 
increased.  The  average  and  normal  monthly  rainfall  curve  has  been  added  to  the  AIW  graphs  for 
comparison  to  groundwater  levels. 

By  November,  10  of  24  MPs  were  yielding  air  samples  or  recorded  data  (oxygen  sensors)  (see 
Table  10-1).  Oxygen  levels  ranged  from  a  low  2.5  to  a  high  of  20.9  percent  in  November.  As  on 
all  biovent  sites,  only  oxygen  sensor  data  could  be  collected  during  winter  months  because 
standard  MPs  are  inaccessible. 

Two  respiration  tests  were  run  on  August  9,  1997  as  part  of  the  startup  procedure.  The  pretest 
oxygen  level  ranged  from  0.8  to  1.2  percent  (Figure  A-9).  Pretest  oxygen  levels  are  those  before 
helium  and  air  are  injected.  Both  oxygen  utilization  rates  obtained  from  the  testing  (1 .4  and 
2.8  percent/hour)  indicate  that  biodegradation  was  occurring  at  the  site  prior  to  startup  and  that 
this  site  was  a  good  candidate  for  remediation  by  bioventing. 

Overall  Recommendation  for  FTF  II:  No  changes  to  the  system  are  recommended  because  it 
has  been  running  for  too  short  a  period  for  detailed  analysis.  Respiration  tests  to  be  performed  in 
the  spring  of  1998  and  oxygen  sensor  data  to  be  collected  during  the  winter  of  1997-1998  will  be 
used  to  evaluate  how  the  system  is  operating. 
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Figure  10-1 

Air  Injection  Wells  and  Monitoring  Points  Location 
Fuel  Tank  Farm  II,  LAFB 


1 02  result  represents  daily  average  for  month. 
'Test  performed  on  8/9/97. 


Fuel  Tank  Farm  Groundwater  Levels  from  February  through  July  1997 


Figure  10-3 


FTF  II  Groundwater/Air  Flow  Relations  -  AST  7820  Area 


Figure  10-4  FTF  II  Groundwater/Air  Flow  Relations  -  AST  7830 


11.0  NOSE  DOCK  AREA  #1 


11.1  OPERATIONS 

The  COE  installed  the  NDA  biovent  systems  in  OU  5  during  the  fall  of  1996  and  initiated  system 
startup  in  October  and  November.  The  COE  biovent  removal  action  report  for  these  systems 
presents  relevant  data.  BEI  began  formal  O&M  on  December  1,  1996.  Since  BEI  assumed 
responsibility  for  O&M,  this  biovent  system  had  operated  443  days  through  December  31,  1997. 

11.2  CONCLUSIONS  AND  RECOMMENDATIONS 

Individual  wellhead  flow  has  been  monitored  since  December  1996,  allowing  long-term 
performance  to  be  evaluated.  Figure  1 1-1  (foldout)  presents  the  biovent  system  AIW  and  MP 
layouts  for  all  of  the  NDAs.  Table  11-1  presents  the  wellhead  flow  measurements  and  soil  gas 
results  for  NDA-1 .  For  comparison,  Figure  11-1  presents  the  average  air  flow  rate  per  well  over 
the  reporting  period  along  with  MP  oxygen  data.  Water  levels  measured  at  individual  NDA-1 
wellheads  are  provided  on  Table  11-2. 

As  depicted  on  Figure  11-1,  most  ATWs  were  operating  near  or  at  the  design  flows;  only  AIWs-3, 
5,  21,  22,  and  24  did  not  allow  air  during  the  reporting  period.  This  condition  is  a  significant 
improvement  from  the  spring  and  early  summer  (last  semiannual  reporting  period),  when 
approximately  75  percent  of  the  wells  would  not  accept  air.  A  major  contributor  to  this 
turnaround  is  the  drying  of  the  soils  since  the  end  of  July.  Figure  11-2  includes  graphs  that 
illustrate  the  fluctuating  groundwater  levels  and  air  flow  at  specific  wells  identified  along  the  cross 
section  on  Figure  11-1.  These  graphs  further  show  how  the  groundwater  has  subsided  since  the 
May- July  period. 

The  deep  zones  of  MPs-1,  3,  and  4  remain  inundated  with  water.  The  shallow  zone  at  MP-3  and 
4  show  oxygen  and  carbon  dioxide  levels  typical  of  active  biodegradation.  The  lowest  oxygen 
levels  at  NDA-1  were  noted  at  MP-6.  Unfortunately,  the  highest  groundwater  levels  were  noted 
in  wells  adjacent  to  MP-6,  therefore  limiting  air  flow  to  this  contaminated  area.  AIWs-21,  22,  and 
24,  which  lie  just  north  of  MP-6,  all  had  zero  air  flow  and  nearby  AIWs-9,  10,  and  18  had  fully 
inundated  well  screens  between  April  and  December.  In  fact,  AIWs-9  and  10  were  turned  off 
during  October  and  November  due  to  the  high  water. 

Respiration  testing  was  performed  only  on  MP- 1-6-5  and  -1-6-8  (Figure  A- 10).  Both  results, 

0.34  and  0.76  percent/hour,  respectively,  were  much  lower  than  noted  during  the  fall  of  1996 
(Table  1-3  or  Figure  11-1).  Both  results  indicate  that  biodegradation  is  still  occurring. 

Overall  Recommendation  for  NDA-1:  Recommend  an  increase  in  air  flow  near  MP-6,  primarily 
through  AIWs-6,  4,  and  2.  Connect  systems  NDA-1  and  NDA-3  together  and  run  with  one 
blower  to  save  operations  costs;  the  total  flow  presently  accepted  by  both  systems  is  less  than  the 
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capacity  of  a  single  blower.  Use  the  blower  from  NDA-1  for  this  hookup.  The  current  system 
design  allows  for  easy  interconnection  of  these  two  sytems  because  a  hose  with  a  closed  valve 
already  connects  the  two  areas.  Collect  soil  samples  throughout  NDA-1  beginning  in  June  1998 
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3  02  result  represents  daily  average  for  month. 

4  Test  performed  on  10/7/97. 

na  =  not  applicable,  nr  =  no  reading. 
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12.0  NOSE  DOCK  AREA  #2 


12.1  OPERATIONS 

The  COE  installed  the  NDA  biovent  systems  in  OU  5  during  the  fall  of  1996  and  initiated  system 
startup  in  October  and  November.  The  COE  biovent  removal  action  report  for  these  systems 
presents  relevant  data.  BEI  began  formal  O&M  on  December  1,  1996.  Since  BEI  assumed 
responsibility  for  O&M,  this  biovent  system  had  operated  398  days  through  December  31,  1997. 

12.2  CONCLUSIONS  AND  RECOMMENDATIONS 

MP-2  continues  to  exhibit  high  oxygen  and  low  carbon  dioxide  levels;  suggesting  either  that 
contamination  does  not  exist  or  that  the  MPs  may  be  short-circuiting  via  permeable  zones 
(Table  12-1).  Either  of  these  scenarios  are  possible  due  the  fact  that  the  oxygen  levels,  when 
measurable,  have  always  been  above  20  percent.  MP-2  lies  approximately  100  ft  to  the  west  of 
MP-6,  which  had  the  lowest  oxygen  levels  in  NDA-1  (see  Figure  11-1).  This  difference  in  oxygen 
levels  supports  the  conceptual  model  (Figure  1-2)  that  perched  lenses  may  be  avenues  to  the 
movement  of  injected  air.  All  other  MPs  except  the  oxygen  sensor  at  MP-1 1  had  no  flow  or 
water;  therefore,  no  data  could  be  collected  from  these  points.  Water  levels  are  listed  on 
Table  12-2.  The  oxygen  levels  at  the  MP-1 1  oxygen  sensor  dropped  slightly  from  initiation  levels 
in  October  through  December  (19.8  to  18.5  percent). 

Respiration  tests  could  not  be  performed  due  to  saturated  MPs. 

Overall  Recommendation  for  NDA-2:  Recommend  adding  MPs  to  areas  not  being  monitored, 
such  as  the  MP-8  and  10  areas.  Get  a  true  in  situ  air  reading  at  MP-2  and  MP-1 1  with  the  system 
shut  off  to  help  determine  whether  contamination  exists.  High  oxygen  levels  may  indicate  that 
cleanup  is  complete  in  these  areas.  Collect  soil  samples  throughout  NDA-2  beginning  in 
June  1998. 
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Table  12-1  NDA-2  Air  Flc^and  Monitoring  Point  Data 
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5  O2  result  represents  daily  average  for  month, 
na  =  not  applicable,  no  =  not  operational. 


Table  12-2  NDA-2  Groundwater  Level  Data 
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13.0  NOSE  DOCK  AREA  #3 


13.1  OPERATIONS 

The  COE  installed  the  NDA  biovent  systems  in  OU  5  during  the  fall  of  1996  and  initiated  system 
startup  in  October  and  November.  The  COE  biovent  removal  action  report  for  these  systems 
presents  relevant  data.  BEI  began  formal  O&M  on  December  1,  1996.  Since  BEI  assumed 
responsibility  for  O&M,  this  biovent  system  had  operated  438  days  through  December  31,  1997. 

13.2  CONCLUSIONS  AND  RECOMMENDATIONS 

As  during  the  last  reporting  period,  no  MP  data  could  be  collected;  saturated  soils  around  the 
screens  (Table  13-1)  prevented  respiration  tests  from  being  performed.  ATWs-2,  3,  4,  6,  7,  8,  and 
10  showed  notable  improvement  relative  to  the  first  half  of  1997.  As  shown  on  Figures  13-1  and 
13-2,  these  AIWs  were  partially  inundated  or  dry;  Table  13-2  lists  the  1997  groundwater  levels. 
Most  of  the  air  flow  rates  were  at  or  near  the  design  rates.  AIWs-1,  5,  9,  and  1 1  through  21  did 
not  show  improvement  from  the  last  reporting  period  (first  half  of  1 997),  typically  allowing  zero 
air  flow  (Figure  1 1-1).  AIWs-1,  14,  and  21  were  fully  inundated  with  water  during  several 
months  of  1997.  Other  AIWs  not  allowing  air  had  minimal  inundation,  possibly  attributable  to 
low-permeability  or  saturated  soils  surrounding  the  screens.  Figure  13-1  includes  graphs  that 
illustrate  the  fluctuating  groundwater  levels  and  air  flow  at  all  wells  along  the  cross  section 
presented  in  Figure  11-1. 

Overall  Recommendation  for  NDA-3:  Recommend  removing  AIWs-1 1  through  21  from  the 
system  and  evaluating  another  remedial  approach.  Connect  AIWs-1  through  10  with  the  NDA-1 
system  utilizing  the  blower  from  NDA-1 .  The  NDA-3  blower  and  ancillary  system  components 
will  remain  shut  down  until  it  can  be  used  at  another  site.  Collect  soil  samples  in  the  AIW-1 1 
through  AIW-21  area  as  soon  as  possible  this  spring  and  throughout  the  remainder  of  NDA-3 
beginning  in  June  1998. 
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Table  13-2  NDA-3  Groundwater  Level  Data 
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14.0  NOSE  DOCK  AREA  #4 


14.1  OPERATIONS 

The  COE  installed  the  NDA  biovent  systems  in  OU  5  during  the  fall  of  1 996  and  initiated  system 
startup  in  October  and  November.  The  COE  biovent  removal  action  report  for  these  systems 
presents  relevant  data.  BEI  began  formal  O&M  on  December  1,  1996.  Since  BEI  assumed 
responsibility  for  O&M,  this  biovent  system  had  operated  364  days  through  December  31,  1997. 
The  entire  system  was  shut  down  during  October  and  November  because  nearby  construction  had 
damaged  the  air  hoses. 

14.2  CONCLUSIONS  AND  RECOMMENDATIONS 

Half  of  the  36  AIWs  averaged  0  scfm  throughout  the  reporting  period  (Table  14-1).  Although 
this  number  decreased  during  May  through  July  1997,  there  remain  distinct  areas  within  NDA-4 
where  air  injection  has  not  occurred.  After  a  year  of  operation,  the  western  boundary  and 
northeast  arm  have  not  accepted  air  (see  Figure  11-1).  The  east  side  of  the  western  arm  and  the 
area  just  east  of  the  support  building  accepted  air  at  or  below  the  design  rate  for  most  of  August, 
September,  and  December.  As  shown  on  Figure  11-1,  elevated  groundwater  levels  in  the  AIWs 
were  common  during  the  reporting  period  but  only  a  few  wells  were  fully  inundated  (i.e., 

AIW  4-4,  -11,  -23,  -24,  and  -29).  Saturated  conditions  are  shown  along  the  ATW  east  arm 
groundwater  cross  section  presented  on  Figure  11-1.  Figures  14-1  and  14-2  includes  graphs  that 
illustrate  the  fluctuating  groundwater  and  air  flow  at  all  wells  along  the  cross  section.  Table  14-2 
provides  1997  groundwater  depths  at  each  AIW. 

Prior  to  this  report,  the  only  monitoring  data  available  at  NDA-4  were  the  oxygen  data  from 
MP  4-6-15.  Beginning  in  August  1997,  soil  gas  samples  became  available  at  three  MPs 
(MPs  4-2BG-5,  4-3-4,  and  4-5-5)  and  another  MP  starting  in  July  (MP  4-1-16)  (Table  14-1  and 
Figure  11-1). 

Respiration  tests  had  not  been  performed  at  any  NDA-4  MPs  prior  to  October  1997.  Respiration 
tests  were  performed  at  MP  4-2BG  and  MP  4-4  beginning  on  October  7,  1997  (Figure  A-l  1). 
Background  location  MP  4-2BG  had  an  oxygen  utilization  rate  of  0.05  percent/hour,  similar  to 
expected  background  levels.  MP  4-4,  located  at  10  ft  bgs,  had  an  oxygen  utilization  rate  of 
0.77  percent/hour,  indicative  of  active  biodegradation.  MP  4-4  is  over  60  ft  from  AIWs  4-7  and 
4-9,  which  had  been  receiving  air  in  August  and  September  but  were  turned  off  during  the  week 
ending  September  27,  approximately  1 0  days  before  the  respiration  test.  Adjacent  AIW  4-32  and 
AIW  4-8  have  never  accepted  air. 

Overall  Recommendation  for  NDA-4:  It  is  recommended  that  bioventing  be  discontinued  at 
the  two  areas  of  NDA-4  noted  in  the  first  paragraph  above  (identified  on  Figure  11-1).  Other 
alternatives  need  to  be  evaluated  at  these  locations.  Contaminated  soils  remain  above  the 
groundwater  table  in  these  areas,  although  partially  saturated  conditions  are  likely  to  exist. 
Connect  systems  NDA-4  and  NDA-5  together  and  run  with  one  blower  to  save  operations  costs; 
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the  total  flow  presently  accepted  by  both  systems  is  less  than  the  capacity  of  a  single  blower.  Use 
the  blower  from  NDA-5  for  this  hookup.  The  current  system  design  allows  for  easy 
interconnection  of  these  two  sytems  because  a  hose  with  a  closed  valve  already  connects  the  two 
areas.  Collect  soil  samples  in  the  two  ineffective  areas  noted  above  as  soon  as  possible  this  spring 
and  throughout  the  remainder  of  NDA-4  beginning  in  June  1998. 
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Table  14-1  NDA-4  Air  and  Monitoring  Point  Data 


*  02  result  represents  daily  average  for  month. 

4  Test  performed  on  10/7/97. 

na  =  not  applicable,  nr  =  no  reading. 
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Figure  14-1  Air  Flow  vs.  Depth  to  Groundwater  at  NDA-4 
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Figure  14-2  Air  Flow  vs.  Depth  to  Groundwater  at  NDA-4 
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15.0  NOSE  DOCK  AREA  #5 


15.1  OPERATIONS 

The  COE  installed  the  NDA  biovent  systems  in  OU  5  during  the  fall  of  1996  and  initiated  system 
startup  in  October  and  November.  The  COE  biovent  removal  action  report  for  these  systems 
presents  relevant  data.  BEI  began  formal  O&M  on  December  1,  1996.  Since  BEI  assumed 
responsibility  for  O&M,  this  biovent  system  had  operated  363  days  through  December  31,  1997. 
The  entire  system  was  shut  down  during  October  and  November  because  nearby  construction  had 
damaged  the  air  hoses. 

15.2  CONCLUSIONS  AND  RECOMMENDATIONS 

During  August,  September,  and  December  1997,  the  air  injection  rates  for  most  AIWs  were  at  or 
slightly  less  than  the  design  rate  (Table  15-1).  AIWs  5-2,  -5,  and  -20  have  not  accepted  air  since 
startup  in  December  1996.  Only  two  other  AIWs  remain  significantly  below  the  design  rate 
(AIW  5-6  and  5-21).  Since  these  wells  are  scattered  throughout  NDA-5,  there  are  no  significant 
areas  not  receiving  air.  Table  15-2  provides  1997  AIW  groundwater  levels.  Partially  saturated 
AIWs  were  predominantly  located  in  the  northern  end  of  NDA-5,  in  close  proximity  to  NDA-4. 
Figures  15-1  and  15-2  includes  graphs  that  illustrate  the  fluctuating  groundwater  levels  and  air 
flow  at  all  wells  along  the  cross  section. 

In  August,  only  two  of  six  MPs  could  not  be  sampled  for  soil  gas;  MP  5-5  and  5-6  have  never 
been  able  to  produce  samples.  By  October,  only  one  of  the  six  MPs  could  be  sampled.  Oxygen 
sensor  readings  began  in  October  at  MP  5-3.  All  oxygen  data  derived  from  soil  gas  samples  to 
date  indicate  that  oxygen  levels  are  fairly  high  (i.e.,  18.3  to  20.8  percent).  The  oxygen  sensor 
(MP  5-3)  has  shown  lower  levels  in  the  range  of  15.9  to  16  percent,  which  may  be  an  indication 
that  biodegradation  is  occurring.  No  respiration  tests  were  performed  due  to  high  oxygen  levels 
(MP-5-4)  or  no  flow  or  saturated  conditions  (all  other  MPs). 

Overall  Recommendation  for  NDA-5:  Oxygen  levels  should  be  collected  from  MPs  after  the 
system  has  been  shut  down  for  48  hours  to  determine  whether  biodegradation  is  occurring.  If 
oxygen  levels  remain  high;  soil  samples  should  be  collected  throughout  NDA-5  to  determine 
whether  contamination  still  exists.  If  contamination  does  exist,  additional  MPs  should  be  installed 
and  the  system  left  running  for  another  6  to  12  months.  Connect  systems  NDA-4  and  NDA-5 
together  and  run  with  one  blower  to  save  operations  costs;  the  total  flow  presently  accepted  by 
both  systems  is  less  than  the  capacity  of  a  single  blower.  Use  the  blower  from  NDA-5  for  this 
hookup.  The  NDA-5  blower  and  ancillary  system  components  will  remain  shut  down  until  it  can 
be  used  at  another  site.  The  current  system  design  allows  for  easy  interconnection  of  these  two 
systems  because  a  hose  with  a  closed  valve  already  connects  the  two  areas.  Collect  soil  samples 
throughout  NDA-5  beginning  in  June  1998. 
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5  02  result  represents  daily  average  for  month, 
nr  =  no  reading,  no  =  not  operational. 


Table  15-2  NDA-5  Groundwater  Level  Data 
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16.0  NOSE  DOCK  AREA  #6 


16.1  OPERATIONS 

The  COE  installed  the  NDA  biovent  systems  in  OU  5  during  the  fall  of  1996  and  initiated  system 
startup  in  October  and  November.  The  COE  biovent  removal  action  report  for  these  systems 
presents  relevant  data.  BEI  began  formal  O&M  on  December  1,  1996.  Since  BEI  assumed 
responsibility  for  O&M,  this  biovent  system  had  operated  428  days  through  December  31,  1997. 

16.2  CONCLUSIONS  AND  RECOMMENDATIONS 

Only  one  of  the  four  ATWs  is  operating  (AIW-2);  the  other  three  were  turned  off  at  the  request  of 
researchers  at  the  University  of  Maine  at  Orono  (Table  16-1).  Currently,  a  graduate  student 
writing  a  master’s  thesis  on  bioventing  has  been  granted  use  of  NDA  #6  for  research  purposes. 
Operation,  therefore,  is  conducted  in  conjunction  with  research  activities  at  the  site.  No 
modifications  are  anticipated  to  occur  to  this  system.  Monthly  air  flow  readings  and  MP  data  are 
presented  on  Table  16-1 .  AIW-2  operated  per  design  through  this  reporting  period.  Water  levels 
for  the  AIWs  are  presented  on  Table  16-2. 

During  a  respiration  test  at  MP-6-2BG-7  in  October,  the  oxygen  utilization  rate  was  determined 
to  be  0.06  percent/hour,  which  is  representative  of  background  levels  (Figure  A-12).  A  new 
oxygen  sensor  (MP-6-4-5.5)  was  installed  near  AIW-6-2  (Figure  11-1,  foldout)  on  July  29,  1997. 
The  new  oxygen  sensor  added  to  NDA-6  produced  monthly  oxygen  readings  of  19. 1,  16.3,  17.3, 
and  16.9  percent  from  October  through  December.  These  levels  may  be  indicative  of 
biodegradation.  As  noted  in  the  last  semiannual  report,  the  background  location  appears  to  be 
within  contaminated  soils;  the  oxygen  levels  are  unusually  low  (11.5  and  12.9  percent).  No 
volatiles  were  noted,  and  carbon  dioxide  levels  are  relatively  low. 

Overall  Recommendation  for  NDA-6:  Recommendation  to  return  all  ATWs  to  operation  as 
soon  as  possible.  Collect  soil  samples  throughout  NDA-6  beginning  in  June  1998. 
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Table  16-1  NDA-6  Air  Flow  and  Monitoring  Point  Data 


Table  16-2  NDA-6  Groundwater  Level  Data 
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17.0  NOSE  DOCK  AREA  #7 


17.1  OPERATIONS 

The  COE  installed  the  NDA  biovent  systems  in  OU  5  during  the  fall  of  1996  and  initiated  system 
startup  in  October  and  November.  The  COE  biovent  removal  action  report  for  these  systems 
presents  relevant  data.  BEI  began  formal  O&M  on  December  1,  1996.  Since  BEI  assumed 
responsibility  for  O&M,  this  biovent  system  had  operated  432  days  through  December  31,  1997. 

17.2  CONCLUSIONS  AND  RECOMMENDATIONS 

Table  17-1  presents  the  flow  at  each  of  the  four  AIWs  since  startup.  Also  included  is  the  design 
flow  rate  per  AIW,  the  depth  to  groundwater  in  the  AIWs  noted  each  month,  rainfall  data,  and 
oxygen  monitoring  results.  No  samples  have  been  collected  from  MP  7-1  since  startup  due  to  no 
flow  or  saturated  conditions,  only  3  month’s  worth  of  oxygen  data  are  currently  available  at 
oxygen  sensor  MP  7-2. 

All  four  AIWs  have  been  partially  inundated  with  groundwater  from  February  through 
December  1997  (Figure  17-1).  Table  17-2  contains  the  depths  to  groundwater  at  each  of  the  four 
AIWs.  Between  May  and  August,  all  of  the  AIW  screens  were,  on  average,  70  percent  inundated 
with  groundwater.  The  ATW-7-3  graph  on  Figure  17-1  shows  that  the  monthly  rainfall  for  May 
and  lune  1997  was  well  above  the  normal  monthly  precipitation  totals.  In  general,  air  flow  at  all 
of  the  AIWs  was  affected  at  the  onset  of  or  during  high  groundwater  levels.  Both  AIW-7-1  and 
ATW-7-2  accepted  air  during  the  warmer  spring/summer  months;  although  both  had  problems 
from  luly  thereafter  (ATW-7-2  actually  recovered  by  October).  At  MP  7-2,  the  October  and 
November  oxygen  sensor  readings  were  16.9  and  14.4  percent,  respectively,  which  indicates  that 
enhanced  respiration  was  occurring. 

Overall  Recommendation  for  NDA-7:  Although  NDA-7  has  operated  below  design  flow 
capacity  most  of  the  time,  the  potential  for  more  ideal  conditions  exists.  Because  there  is  less 
than  one  year’s  worth  of  flow  data  available  and  the  newly  available  oxygen  sensor  data  indicate 
that  respiration  is  occurring,  it  is  not  recommended  to  abandon  the  bioventing  effort  at  this  time. 
The  system  should  be  allowed  to  run  through  the  winter,  when  air  flows  are  typically  at  design 
rates,  and  continue  into  the  spring  of  1998.  There  is  a  chance  that  the  greater-than-normal 
elevated  rainfall  in  May  and  lune  1997  will  not  be  repeated  in  1998.  If  at  this  time  (~Iune  1998) 
groundwater  levels  begin  to  show  similar  trends  to  1997  and  the  air  flow  begins  to  decrease,  other 
cleanup  processes  should  be  evaluated.  Providing  a  surface  seal  (i.e.,  polypropylene)  should  be 
considered  if  above  normal  precipitation  occurs.  In  contrast,  if  saturation  in  the  wells  is  minimal 
and  air  flow  appears  not  to  be  affected,  operation  should  be  continued  into  the  summer.  Collect 
soil  samples  throughout  NDA-7  beginning  in  lune  1998. 
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18.0  NOSE  DOCK  AREA  #8 


18.1  OPERATIONS 

The  COE  installed  the  NDA  biovent  systems  in  OU  5  during  the  fall  of  1996  and  initiated  system 
startup  in  October  and  November.  The  COE  biovent  removal  action  report  for  these  systems 
presents  relevant  data.  BEI  began  formal  O&M  on  December  1,  1996.  Since  BEI  assumed 
responsibility  for  O&M,  this  biovent  system  had  operated  328  days  through  December  31,  1997. 
Monthly  air  flow  and  MP  soil  gas  sampling  results  are  presented  on  Table  18-1. 

18.2  CONCLUSIONS  AND  RECOMMENDATIONS 

The  majority  of  the  AIWs  to  the  north  of  the  support  building  have  remained  unable  to  accept  air 
(Figures  11-1,  18-1  and  18-2).  The  shaded  area  on  Figure  11-1  indicates  the  area  of  NDA-8 
where  the  average  air  flow  was  zero,  including  most  of  the  first  half  of  1997.  The  total  flow 
entering  the  AIWs  located  south  of  the  support  building  has  increased  from  the  first  half  of  1997. 
As  shown  on  Figures  11-1,  18-1  and  18-2,  the  AIWs  south  of  the  support  building  (AIW  8-11 
and  above)  were  inundated  with  groundwater  to  levels  typically  greater  than  half  of  the  screen 
throughout  the  year.  Table  18-2  provides  depths  to  groundwater  in  each  AIW  during  1997. 

Oxygen  levels  in  MPs  3  and  4  indicate  that  oxygen  is  abundant  (19.4  to  20.7  percent),  possibly  at 
levels  representing  clean  conditions.  The  MPs  are  located  at  depths  of  8  and  9.5  ft,  respectively. 
MP  2  continues  to  be  unusable  because  saturated  soils  surround  the  screen  (i.e.,  no  flow  or  water 
in  MP).  It  is  unclear  why  MP  4  indicates  high  levels  of  oxygen  with  none  of  the  surrounding 
AIWs  accepting  air;  it  is  possible  that  the  soils  surrounding  this  MP  may  not  be  contaminated. 

The  high  oxygen  levels  at  MP  3  may  indicate  that  shallow  soils  (8  to  10  ft)  may  have  been 
remediated  and  are  approaching  cleanup  levels. 

No  respiration  tests  were  performed  due  to  no  flow  and  water  in  the  MPs. 

Overall  Recommendation  for  NDA-8:  The  recommendation  is  to  evaluate  another  remedial 
technology  applicable  to  the  entire  site  because  of  the  lack  of  air  injection  in  the  northern  end  and 
the  high  water  levels  in  the  southern  end  of  NDA  8.  Shallow  soils  (i.e.,  upper  10  ft)  in  the 
southern  end  may  have  been  remediated,  so  soil  sampling  will  be  necessary  to  determine  the 
extent  of  any  remaining  contamination.  Collect  soil  samples  throughout  NDA-8  as  soon  as 
possible  in  spring  1998. 
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Table  18-1  NDA-8  Air  Flow  and  Monitoring  Point  Data 


Dtp'll  to  H2Q  (II  bg«) 


(*cfm)*R*lnt«ll(ln.)  Flow  (scftn)tR«lnfall(ln.)  Flow  (»cfm)4Ralnf«ll(in.)  Flow  <*cfm)4R*inTtH<ln.) 


ttepth  to  KM  (ft  bgt)  Depth  to  H20  {(l  bgs)  Depth  lo  K20  (It  bgi)  Depth  to  H20  (f»  bg>) 


Flow  (edm)4ReJnfa]t(1n.) 


Table  18-2  NDA-8  Groundwater  Level  Data 


WTRLEVEL.XLS 

3/10/98 


19.0  POWER  PLANT  DRAINAGE  PIPE 


19.1  OPERATIONS 

The  PPDP,  located  in  OU  9,  consists  of  18  AIWs  and  24  MPs  (Figure  19-1).  BEI  installed  the 
PPDP  biovent  system  in  the  fall  of  1995.  During  July  1997  three  new  MPs — one  (MP-10)  with 
oxygen  sensors  and  two  (MP-9-3.5  and  MP-9-8.5)  without  an  oxygen  sensor — were  installed  in 
accordance  with  the  recommendations  made  in  the  previous  semiannual  report.  These  areas  did 
not  contain  sufficient  soil  gas  data  to  evaluate  biodegradation  activity.  Since  BEI  assumed 
responsibility  for  the  bioventing  O&M,  the  system  had  operated  621  days  as  of 
December  31,  1997.  This  system  was  down  during  portions  of  the  summer  of  1996  due  to  high 
water  levels  but  has  since  operated  continuously  then  with  only  minor  interruptions  for  respiration 
testing  and  general  maintenance. 

System  flows  were  typically  at  the  design  flow  rate  of  4  scfm  (Table  19-1).  Groundwater  levels 
shown  in  Table  19-2  confirm  that  the  screens  were  not  fully  inundated.  System  injection 
pressures  were  not  raised  above  3.5  psi. 

19.2  CONCLUSIONS  AND  RECOMMENDATIONS 

In  general,  the  contaminated  area  is  being  aerated  at  air  flow  rates  equal  to  or  below  the  4  scfm 
design  rate.  AIW-6  has  not  accepted  air  since  startup  (except  1  scfm  in  April  1997).  As 
mentioned  above,  air  flow  has  not  been  impeded  by  partial  inundations  as  illustrated  on 
Figures  19-2  and  19-3.  Low  oxygen  levels  were  recorded  in  MPs-3-3,  MP-8-3,  MP-9-3.5, 
MP-9-8.5,  and  MP-10,  the  only  MPs  with  indications  of  active  respiration  (low  readings  of  10.9, 
15.3,  10.5,  12.4,  and  14.6  percent  oxygen,  respectively).  The  remaining  MPs  either  had  oxygen 
readings  greater  than  1 8  percent  or  yielded  no  data  because  of  saturation/no  flow. 

Respiration  tests  were  run  at  three  of  the  same  locations  where  fall  respiration  tests  were 
performed  including  a  different  MP  (Figures  A- 13  and  A- 14).  Test  results  from  MP  3-6  indicate 
an  increase  in  the  rate  to  the  fall  1996  level  (0.75  and  0.73,  respectively);  these  levels  are  those 
expected  with  active  biodegradation.  Active  biodegradation  is  also  indicated  at  MP-4-3  and 
MP-9-8.5.  Oxygen  utilization  at  MP-6-3  has  reached  typical  background  levels 
(0.07  percent/hour).  Elevated  TVH  readings  were  noted  in  MP-9-8.5  during  the  respiration  tests 
(see  Figure  19-3)  and  the  monthly  monitoring  event  (see  Table  19-1).  It  appears  that 
approximately  3  ft  of  unsaturated  contaminated  soils  (located  below  the  1995  removal;  see 
Figure  19-1)  are  the  probable  source  of  the  volatiles.  Contaminated  saturated  soils  may  exist 
below  these  unsaturated  soils,  thus  continually  providing  elevated  soil  gas. 

Overall  Recommendation  for  PPDP:  No  changes  are  recommended  since  the  AIWs  are 
working  as  planned  and  contaminated  soils  still  are  believed  to  remain,  based  on  low  oxygen 
readings  and  elevated  carbon  dioxide  and  TVH  readings.  Oxygen  utilization  rates  show  a  general 
decline,  likely  attributable  to  the  ongoing  biodegradation.  Collect  soil  samples  throughout  the 
PPDP  beginning  in  June  1998. 
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Figure  1 9-1 

PPDP  Biovent  System  Layout 
and  Average  Wellhead  Flow 


1  Maximum  pressure  before  potential  for  fracturing  of  soil.  Calculated  at  top  of  screen  assuming  density  of  soil  is  100  lbs/ft3. 

2  The  monthly  02  sensor  results  is  the  average  for  month.  See  biovent  monthly  reports  for  daily  values. 

3  Test  performed  on  10/16/97. 

nr  =  no  reading,  bgs  =  below  ground  surface,  maff  =  malfunctioned. 


Power  Plant  Discharge  Pipe  Groundwater  Levels  from  August  through  December  1997 
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APPENDIX  A 


A-l  Fall  1 997  Respiration  Test  Results  for  MP-1-5  and  MP-2-13  at  the  AHS 

A-2  Fall  1997  Respiration  Test  Results  for  MP-4-3  and  MP-4-13  at  the  AHS 

A-3  Fall  1997  Respiration  Test  Results  for  VM-1-5  at  the  BXSS 

A-4  Fall  1997  Respiration  Test  Results  for  MP-1-7.5  and  MP-2-8.5  at  the  BXSS 

A-5  Fall  1 997  Respiration  Test  Results  for  MP-2-14  and  MP-5-9.5  at  the  ES 

A-6  Fall  1997  Respiration  Test  Results  for  MP-7-3  at  the  FJETC 

A-7  Fall  1 997  Respiration  Test  Results  for  MP-9-3  and  MP-1 1-3  at  the  FTA 

A-8  Fall  1997  Respiration  Test  Results  for  MP-12-6  and  MP-14-10  at  the  FTA 

A-9  Fall  1997  Respiration  Test  Results  for  MP-3-5.5  and  MP-13-5.5  at  FTF  II 

A- 10  Fall  1997  Respiration  Test  Results  for  MP-1 -6-5. 5  and  MP-1 -6-8  at  NDA-1 

A-l  1  Fall  1 997  Respiration  Test  Results  for  MP-4-2BG  and  MP-4-4  at  NDA-4 

A-12  Fall  1 997  Respiration  Test  Results  for  MP-6-2BG  at  NDA-6 

A- 13  Fall  1997  Respiration  Test  Results  for  MP-3-6  and  MP-4-3  at  the  PPDP 

A-14  Fall  1997  Respiration  Test  Results  for  MP-6-3  and  MP-9-8.5  at  the  PPDP 


loring\L-I718 


MP-1-5 


MP-2-13 
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2.8 

7.4 
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19 

0 

0 
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0.59 

End  of  test 

End  of  test 

1  Test  began  on  10/23/97  at  1 100  hrs.  fo  =  flame  out 

2  Pretest  sample  is  collected  before  air/helium  injection  and  after  system  is  shutdown  for  a  minimum  of  24  hrs. 
Note:  Typical  background  oxygen  utilization  rates  =  0.06  -  0.10  %/hr. 
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Figure  A-1  Fall  1997  Respiration  Test  Results  for  MP-1-5  and  MP-2-13  at  the  AHS 
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End  of  Test 

End  of  Test 

Test  began  on  10/22/97  at  1 100  hrs. 


fo  =  flame  out 


2  Pretest  sample  is  collected  before  air/helium  injection  and  after  system  is  shutdown  for  a  minimum  of  24  hrs. 
Note:  Typical  background  oxygen  utilization  rates  =  0.06  -  0.10  %/hr. 
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Figure  A-2  Fall  1997  Respiration  Test  Results  for  MP-4-3  and  MP-4-13  at  the  AHS 
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2  Pretest  sample  is  collected  before  air/helium  injection  and  after  system  is  shutdown  for  a  minimum  of  24  hrs. 
Note:  Typical  background  oxygen  utilization  rates  -  0.06  -  0.10  %/hr. 
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Figure  A-3  Fall  1997  Respiration  Test  Results  for  VM-1-5  at  the  BXSS 
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1  Test  began  on  10/17/97  at  1200  hrs. 

2  Pretest  sample  is  collected  before  air/helium  injection  and  after  system  is  shutdown  for  a  minimum  of  24  hrs. 
Note:  Typical  background  oxygen  utilization  rates  =  0.06  -  0.10  %/hr. 
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Figure  A-4  Fall  1997  Respiration  Test  Results  for  MP-1-7.5  and  MP-2-8.5  at  the  BXSS 
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*  Test  began  on  1 0/1 5/97  at  1 000  hrs.  fo  =  flame  out 

2  Pretest  sample  is  collected  before  air/helium  injection  and  after  system  is  shutdown  for  a  minimum  of  24  hrs. 
Note:  Typical  background  oxygen  utilization  rates  =  0.06-0.10  %/hr. 


MP-2-14 


MP-5-9.5 


O2  Utilization  Rate  =  0.01  %/hr 


a 
Q  B 


36 Time  (hrs) 


48 


O  Oxygen 
□  Carbon  Dioxide 
A  Helium 
- Linear  ’Best  Fit’ 


Figure  A-5  Fall  1997  Respiration  Test  Results  for  MP-2-14  and  MP-5-9.5  at  the  ES 
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13.3 

2.2 

59.4 

42 

2.7 

12.0 

7.3 

4.4 

fo 

75 

2.7 

25.0 

2.3 

7.1 

fo 

120 

2 

31.0 

1.4 

9.4 

fo 

425 

0.89 

75.0 

0.7 

11 

fo 

449 

0.52 

1  Test  began  on  10/3/97  at  0945  hrs.  fo  =  flame  out 

2  Pretest  sample  is  collected  before  air/helium  injection  and  after  system  is  shutdown  for  a  minimum  of  24  hrs. 
Note:  Typical  background  oxygen  utilization  rates  =  0.06  -  0.10  %/hr. 
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Figure  A-6  Fall  1997  Respiration  Test  Results  for  MP-7-3  at  the  FJETC 
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MP-9-3 


MP-11-3 


Time1 


(hrs) 

02 

C02 

TVH  fDDmv) 

Helium 

02 

co2 

TVH  (DDmv) 

Helium 

.  (%) 

(%) 

FID 

PID 

(%) 

(%) 

(%) 

FID 

PID 

(%) 

Pretest2 

7.5 

11.4 

14.3 

1.9 

_ 

0.0 

18.1 

0.6 

256 

86 

6.2 

18.9 

0 

0 

4.9 

5.8 

2.0 

16 

1.4 

161 

69.9 

6.8 

18.4 

0.2 

0 

5.1 

4.6 

4.0 

14.7 

2.1 

137 

66.5 

4.4 

18.6 

0.6 

3 

5.3 

3.4 

6.0 

13.9 

2.3 

54 

30 

4.1 

18 

0.6 

2.4 

0 

1.2 

8.0 

j  13.1 

2.7 

38 

30 

2.4 

17.3 

0.5 

3 

3.1 

1.8 

12.5 

12.1 

3.7 

50 

43 

1.9 

16.3 

0.8 

8 

4 

1.2 

24.0 

9.1 

5.7 

fo 

74 

0.89 

14.9 

1.3 

0 

5.5 

0.71 

48.0 

5.9 

8.3 

fo 

270 

0.6 

13.6 

2 

32 

9 

0.42  i 

72.3 

4.7 

10.1 

fo 

305 

0.64 

11.8 

2.6 

38 

9.1 

0.36' 

Test  began  on  10/3/97  at  1300  hrs.  nt  =  not  taken  fo  =  flame  out 

2  Pretest  sample  is  collected  before  air/helium  injection  and  after  system  is  shutdown  for  a  minimum  of  24  hrs. 
Note:  Typical  background  oxygen  utilization  rates  =  0.06  -  0.10  %/hr. 


Figure  A-7  Fall  1997  Respiration  Test  Results  for  MP-9-3,  and  MP-11-3  at  the  FTA 
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Time1 

MP-12-6 

MP-14-10 

(hrs) 

7VH  fDDmv) 

Helium 

wmGSM 

lil 

Wmm 

Bl 

K3i 

FID 

PID 

_ (%L 

Pretest2 

17.8 

1.9 

. 

16.7 

i 

- 

0.0 

18.8 

0 

0 

3.7 

7.1 

18.8 

0.1 

0 

4.9 

5.8 

2.0 

18.8 

0.2 

0 

4.1 

5.4 

18.7 

0.2 

0 

6.7 

6.7 

4.0 

18.8 

0.6 

0 

4.8 

5.9 

18.4 

0.2 

3.1 

8.1 

5.1 

6.0 

18.7 

0.1 

0 

3 

2.9 

16.3 

0.1 

2.1 

6.2 

5.4 

8.0 

18.8 

0.3 

0 

3.4 

3.2 

17.6 

0.2 

3.5 

8.4 

4.9 

12.0 

18.3 

0.4 

0 

3.1 

4.4 

17.4 

0.2 

5.1 

9.5 

4 

24.0 

17.8 

0.5 

0 

5.2 

4.1 

15 

0.4 

0 

13 

3.8 

48.0 

16.5 

0.8 

0 

8 

3.8 

10.9 

0.5 

fo 

19 

3.6 

72.0 

14.7 

1.1 

0 

7.3 

4.8 

6.5 

0.6 

fo 

27.2 

5.2 

1  Test  began  on  10/3/97  at  1300  hrs.  fo  =  flame  out 

2  Pretest  sample  is  collected  before  air/helium  injection  and  after  system  is  shutdown  for  a  minimum  of  24  hrs. 
Note:  Typical  background  oxygen  utilization  rates  =  0.06  -  0.10  %/hr. 


MP-12-6 


Figure  A-8  Fall  1997  Respiration  Test  Results  for  MP-12-6  and  MP-14-10  at  the  FTA 
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Concentration  (%) 


Time1 

i 

MP-3-5.5 

MP-13-5.5 

(hrs) 

i  02 

TVH  (DDmv) 

Helium 

O2 

C02 

TVH  (pprnv) 

Helium 

1  <%) 

FID 

PID 

(%) 

(%) 

(%) 

FID 

PID 

(%) 

Pretest2 

0.8 

15.4 

na 

248 

. 

1.2 

19.4 

na 

490 

0.0 

18.1 

0.4 

na 

470 

4 

17.8 

0.5 

na 

100 

4.2 

1.0 

13.5 

3.1 

na 

469 

4.7 

14.3 

0.9 

na 

175 

4.5 

2.0 

9.7 

6.5 

na 

429 

4.4 

12.1 

1.1 

na 

270 

4.2 

4.0 

6.5 

9 

na 

349 

3.1 

8.6 

1.9 

na 

350 

3.6 

6.0 

3 

11.2 

na 

333 

3.3 

7.2 

2.1 

na 

390 

3.5 

8.0 

1.2 

12.5 

na 

362 

2.8 

6 

2.3 

na 

430 

3.4 

10.0 

1 

12.6 

na 

348 

2.8 

5.6 

2.6 

na 

450 

3.4 

12.0 

0.8 

12.7 

na 

350 

2.9 

5 

3.1 

na 

480 

3.2 

24.0 

0.9 

13.1 

na 

325 

2.6 

3 

3.8 

na 

505 

2.4 

40.5 

0.9 

14 

na 

310 

2 

2.1 

4.5 

na 

588 

2.1 

52.5 

1.5 

5.6 

na 

595 

1.6 

65.5 

1 

1.5 

6 

na 

580 

1.3 

Test  began  on  8/9/97  at  1430  hrs.  fo  =  flame  out  na  =  not  available 

2  Pretest  sample  is  collected  before  air/helium  injection  and  after  system  is  shutdown  for  a  minimum  of  24  hrs. 
Note:  Typical  background  oxygen  utilization  rates  =  0.06  -  0.10  %/hr. 


MP-3-5.5 


MP-1 3-5.5 


Figure  A-9  Fall  1997  Respiration  Test  Results  for  MP-3-5.5  and  MP-13-5.5  at  FTF  II 
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Concentration  {%)  Concentration  (%) 


(hrs) 


Helium 

(%) 


Cl 


MP-1-6-5 


MP-1-6-8 


02 

1%1 


C02 

(%) 


TVH  (ppmv) 
FID  PIP 


02  TVH  (ppmv) 
(%)  FID  PIP 


Helium 

(%L 


Pretest2 

1.7 

5.5 

fo 

4 

- 

0.8 

9.5 

fo 

206 

- 

0.0 

20.5 

0 

0 

1.6 

1.2 

19.9 

0.4 

1.62 

532 

1.7 

1.0 

20.2 

0.1 

19.3 

7.1 

0.91 

17.4 

1.2 

2.61 

393 

1.1 

2.0 

20 

0.2 

34.9 

8.3 

0.97 

16.4 

1.4 

2.88 

454 

1.1 

4.0 

19.7 

0.4 

28.7 

5.2 

1.5 

12.8 

2.6 

fo 

391 

1.3 

6.0 

18.9 

0.5 

31 

2.7 

1.3 

12.8 

2.5 

fo 

490 

1.1 

8.0 

18 

0.8 

81 

8 

1.4 

11.7 

2.7 

fo 

500 

1.1 

12.0 

16.9 

0.9 

111 

11.6 

1.2 

10.1 

3.1 

fo 

511 

10 

24.0 

12.3 

2.1 

24.1 

4.9 

0.98 

6.4 

4.6 

fo 

385 

0.79 

48.0 

6.3 

3.7 

fo 

4.9 

0.51 

3.3 

5.8 

fo 

387 

1.1 

1  Test  began  on  10/8/97  at  1100  hrs. fo  =  flame  out 

2  Pretest  sample  is  collected  before  air/helium  injection  and  after  system  is  shutdown  for  a  minimum  of  24  hrs. 
Note:  Typical  background  oxygen  utilization  rates  =  0.06  -  0.10  %/hr. 


0  12  24  36  Time  (hrs)  48  60  72  84  96  108 


MP-1-6-8 


Figure  A-10  Fall  1997  Respiration  Test  Results  for  MP-1-6-5  and  MP-1-6-8  at  NDA-1 
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MP-4-2BG 


MP-4-4 


Time1 


(hrs) 

02 

C02 

TVH  (pprnv) 

Helium 

o2 

C02 

TVH  (pprnv) 

Helium 

(%> 

(%) 

FID 

PID 

(%) 

(%) 

(%) 

FID 

PID 

(%) 

Pretest2 

7.7 

6.5 

fo 

5.1 

4.7 

35.1 

fo 

549 

0.0 

19.5 

0.2 

7.8 

6.1 

1.8 

16.7 

3.6 

1213 

118 

2.3 

1.0 

19.4 

0.4 

8.2 

2.6 

3.6 

15.7 

5.5 

1600 

164 

1.5 

2.0 

19.1 

0.6 

17.5 

4.4 

1.7 

15.5 

6.1 

1540 

183 

1.6 

4.0 

18.9 

0.9 

17.1 

3 

1.7 

13.7 

7.5 

1581 

224 

1.4 

6.0 

18.4 

1.1 

6.7 

1.7 

1.9 

11.7 

9 

1635 

284 

1.1 

8.0 

1  18.4 

1.1 

6.4 

2.6 

1.7 

10.7 

10.6 

fo 

292 

2 

12.0 

I  18 

1.2 

1.5 

2.2 

1.6 

8 

11.7 

fo 

339 

1.6 

24.0 

18 

1.4 

13.5 

3.1 

2.5 

10.2 

11.8 

fo 

322 

1.9 

48.0 

16.5 

2 

14.3 

6.7 

1.5 

6 

14.9 

fo 

371 

0.65 

72.0 

15.2 

2.2 

118 

4.3 

0.42 

8 

15.7 

fo 

361 

1.7 

I 

! 


Test  began  on  10/7/97  at  1000  hrs.  fo  =  flame  out 

2  Pretest  sample  is  collected  before  air/helium  injection  and  after  system  is  shutdown  for  a  minimum  of  24  hrs. 
Note:  Typical  background  oxygen  utilization  rates  =  0.06  -  0.10  %/hr. 


MP-4-2BG 


Figure  A-1 1  Fall  1997  Respiration  Test  Results  for  MP-4-2BG  and  MP-4-4  at  NDA-4 
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Concentration  (%) 


Test  began  on  10/13/97  at  1200  hrs. 

2  Pretest  sample  is  collected  before  air/helium  injection  and  after  system  is  shutdown  for  a  minimum  of  24  hrs. 
Note:  Typical  background  oxygen  utilization  rates  =  0.06  -  0.10  %/hr. 


02  Utilization  Rate  =  0.06  %/hr 
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Figure  A-12  Fail  1997  Respiration  Test  Results  for  MP-6-2BG  at  NDA-6 
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M  P-3-6 


M  P-4-3 


Time1 


(hrs) 

02 

C02 

TVH  (DDmv) 

Helium 

02 

TVH  (DDmv) 

Helium 

<%) 

{%) 

FID 

PID 

(%) 

(%) 

BSS1 

FID 

PID 

(%) 

Pretest2 

3.9 

2.6 

fo 

15.1 

_ 

12.1 

KE1 

0 

0.6 

0.0 

19.9 

0.2 

4 

1.6 

1.8 

20 

0 

0.6 

1.6 

1.0 

18.9 

0.5 

19.1 

3.6 

1.8 

19.9 

0.1 

0 

0.7 

1.2 

2.0 

18 

0.5 

25.8 

4.2 

1.5 

19.6 

■a 

4.0 

16.6 

0.8 

28.2 

5.3 

0.82 

19.1 

■9 

6.0 

15.5 

1 

28 

5.1 

1.8 

18.8 

■a 

8.0 

14.3 

1.1 

24 

6.2 

2 

18.2 

wm 

ms 

■as 

12.0 

11.9 

1.3 

20 

6.8 

2.2 

17.3 

■n 

24.0 

4.8 

2.1 

fo 

9.2 

1.1 

14.9 

0.8 

0 

1.3 

1.4 

48.0 

3.8 

2.4 

fo 

10.1 

1.8 

11.1 

1.1 

0 

1.9 

1.5 

72.0 

3.4 

2.7 

fo 

11.1 

1.4 

8.3 

1.3 

0 

1.7 

1 

T  Test  began  on  10/16/97  at  1 130  hrs.  fo  =  flame  out 

2  Pretest  sample  is  collected  before  air/helium  injection  and  after  system  is  shutdown  for  a  minimum  of  24  hrs. 
Note:  Typical  background  oxygen  utilization  rates  =  0.06  -  0.10  %/hr. 


Figure  A-13  Fall  1997  Respiration  Test  Results  for  MP-3-6  and  MP-4-3  at  the  PPDP 
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Concentration  <%) 


Time1 

MP-6-3 

MP-9-8.5 

(hrs)  i 

o2 

C02 

TVH  (DDmv) 

Helium 

o2 

C02 

TVH  (DDmv) 

Helium 

(%) 

(%) 

FID 

PID 

_ (%) 

_ (%) 

(%) 

FID 

PID 

_ 

Pretest2  ! 

14.8 

0.5 

0 

ESI 

0.0 

20.1 

0 

0 

0.5 

■a 

1.1 

1.0 

19.9 

0 

0 

m 

0.69 

2.0 

19.9 

0 

HI 

1.5 

19.4 

0.5 

152 

5.8 

0.74 

4.0 

19.8 

0.1 

M 

1.4 

18.5 

0.8 

166 

7.8 

0.75 

6.0 

19.6 

0.1 

■a 

1.7 

17.9 

1.1 

220 

9 

0.77 

8.0 

19.5 

0.2 

■a 

2.1 

17.7 

1.2 

227 

9.5 

0.65 

12.0 

18.9 

0.2 

0 

0.4 

2.1 

16.9 

1.4 

11 

1 

24.0 

17.3 

0.3 

0 

1.1 

1.5 

15.6 

2.4 

306 

12.1 

0.65 

48.0 

14.5 

0.4 

0 

1.5 

1.7 

14.3 

3 

400 

12 

0.48 

72.0 

11.8 

0.5 

0 

1.3 

0.94 

14.2 

3.4 

560 

13 

0.43 

1  Test  began  on  1 0/1 6/97  at  1 1 30  hrs.  fo  =  flame  out 

2  Pretest  sample  is  collected  before  air/helium  injection  and  after  system  is  shutdown  for  a  minimum  of  24  hrs. 
Note:  Typical  background  oxygen  utilization  rates  =  0.06  -  0.10  %/hr. 
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Figure  A-14  Fall  1997  Respiration  Test  Results  for  MP-6-3  and  MP-9-8.5  at  the  PPDP 
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Item  6,  Section  5:  I  agree  with  the  recommendation  to  add  an  injection  No  response  required, 
well  in  the  proposed  location. 
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